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Rates of Dying according to Period of birth. 


IN a recent paper (Stocks, 1953) death rates in five-year periods from 1921-25 
to 1946-50 in England and Wales by quinquennial groups of age were derived 
from the Registrar-General’s statistics for cancer of the uterus and breast so 
that the mortality experience of successive cohorts of females on attaining certain 
ages could be studied. The rates were corrected as accurately as possible for 
the effects at different ages of changes in the procedure for selecting the under- 
lying cause of death which were introduced at the beginning of 1940. 

The same method has been used in Table I of this paper to calculate the 
series of death rates for each sex from cancer of the stomach. The factors used 
to correct the rates in years prior to 1940 for the changes in selective rules when 
more than one cause is mentioned on the death certificate were, for males at 
successive age groups from 35-39 to 85 and over: -997, -996, -994, -992, -989, 
‘986, -983, -980, -977, -974, -970. For females the corresponding factors were: 
-997, -996, -994, -992, -988, -984, -979, -973, -968, -963, -957. The rates at ages 
15-19, 20-24, 25-29, and 30-34 in the periods between 1921 and 1940 had to be 
estimated from the published statistics for ages 15-24 and 25-34, by assuming the 
distribution within those groups to be similar to that in years 1941 to 1950. 
The rates at ages 85 and over, shown in italics, must be disregarded as almost 
certainly understating the true death rates; and it is probable that conditions 
during the war also caused the certified rates at ages after 70 in 1941-45 to be 
too low. 

The rates along diagonal lines in Table I, starting from the age group 35-39 
and proceeding downwards and to the right, correspond with the mortality 
experienced by cohorts of persons born at the end of 1885, 1890, 1895, 1900, 
1905 and 1910, who would have reached 35 at the beginning of the periods at 
the head of the six columns. 

During the last twenty years death rates of males at ages between 25 and 
70, and of females at ages between 25 and 75, have tended to decline. The graphs 
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TaBLE I.—Cancer of Stomach. Mean Annual Death Rates per 
Million Living in England and Wales, 1921-1950. 


ge 
group. 1921-25. 1926-30. 1931-35. 1936-40. 1941-45. 1946-50. 


0- 1 0-1 0 
5- 0-1 0- 
10- 0 0- 
0- 0- 
2- 3- 


for persons born about 1865, 1875, 1885, 1895 in Fig. 1 and 2 show that the 
improvement in successive cohorts has been slight amongst males but more 
pronounced amongst females. For the purposes of this study it is necessary to 
construct for each sex a single series of rates representing the average mortality 
experience of a cohort from birth to 85, and this has been done in Table IT. 

At ages under 15 the national statistics contained 18 deaths of boys and 
12 deaths of girls during the 30 years 1921-50, attributed to stomach cancer 
out of a total of 360,268 such deaths at all ages. This was an average of one 
death per year in a population of about nine millions, and when the possibilities 
of occasional errors in diagnosis and in the book-keeping of ages are considered 
it can be concluded that cancer of the stomach does not cause death before 
15 years of age except as a freak of great rarity. 

At ages between 15 and 40 the mean rates during 1921-50 have been used, 
and after 40 the rates have been built up from the mean rate at 35-39 by successive 
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TABLE II.—Estimated Rates of Dying at Successive Ages with Cancer of the Stomach 
in Average Cohorts of Males and Females, per Million Living. 


Males. 


Mean 


Age Mean 5-year 
group. rate ratios 
1921-50. for 5 
cohorts. 


131 
933 
696 
613 
-550 
428 
289 
079 
939 


eee: 


multiplications by the mean 5-year factors calculated from five cohorts. For 
example, males born about 1885, 1890, 1895, 1900 and 1905 experienced mean 
annual death rates at ages 35-39 of 70-9, 69-9, 77-2, 76-3 and 71-5 respectively, 
and in the next age period 163-5, 159-9, 156-3, 154-0 and 145-9 per million, giving 
an average factor of 2-131, which when applied to the basic rate of 71-28 at 
35-39 produces 151-9 as the cohort rate at 40-44. For the next factor the cohorts 
born about 1880, 1885, 1890, 1895 and 1900 have to be used, giving 1-933 which 
when applied to 151-9 produces 293-7 as the cohort rate at 45-49. As in the 
construction of a life table, the assumption is that as the “‘ average’ cohort 
reaches each successive age group it becomes exposed to the conditions present 
in a standard period, in this case the average conditions during 1921-50. Even 
if reliable data existed to allow the following of a cohort through 85 years, condi- 
tions might have so changed during such a long period as to invalidate com- 
parison with a theoretica] curve which assumes the environment to be constant. 

In the final columns of Table II for each sex the cohort rates have been cor- 
rected to convert them from death rates “‘ due to” cancer of the stomach into 
death rates of persons known to have cancer of the stomach present at time of 
death. Assuming this form of cancer to be always fatal, or that the numbers 
cured are balanced by the numbers missed in death certification, the corrected 
cohort rates can be compared with the rates at which a cohort would become 
affected by cancer of the stomach at successive ages according to some theoretical 
hypothesis, provided that allowance is made for the time interval elapsing 
between “‘ becoming affected ” and dying. 


Theoretical Incidence with Advancing Age. 


Suppose that a substance or influence capable of initiating the cancerous 
process in certain parts of the body by cumulative action after c “ encounters ” 


a Females. 
4 Mean 
x Average Cor- Mean 5-year Average Cor- 

Be cohort rected rate ratios cohort rected 
a rates. cohort 1921-50. for 5 rates. cohort 
ne rates. cohorts. rates. 
oO . 0-10 0-10. 0-08 0-08 
. 0-13 — 0-13. 0-09 0-09 
10- . 0-15 — 0-15 . 0-09 — — 0-09 
15- . 0-73 0-73. 0-39 -- 0-39 
20- 3-08 3-08. 2-81 2-81 
25- . 11-99 11-99. 9-65 9-65 
30- 29-26 29-26 . 23-13 23-13 
35- . 71-28 71-50. . 46-93 47-07 
40- . 155-9 8 86-64 
45- . 303-8 293 151-4 
50- . 522-2 498 252-7 
55- . 851-8 803 383-6 
ci 60- . 1323-3 1246 602-3 
65- . 1890-4 1778 886-7 
70- . 2394-7 2292 2338 1704-1 1-393 1213 
ae 75- . 2706-1 2474 2531 - 2088-7 1-238 1463 1510 
a 80- . 2496-0 2323 (2360) - 2103-6 1-051 1538 1595 
84 
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with it is distributed in the environment of a susceptible population so that the 
average risk for an individual of encountering it in a unit of time is gq. Let an 
“encounter ” be so defined that no one can encounter the substance or influence 
more than once in any one time unit, either because an encounter is not instan- 
taneous but requires time or for some other reason. 

The cancerous process will not then be initiated in anyone until the end of 
the c time unit from birth ; and at the end of that time unit the proportion 
becoming affected will be the (c + 1)" term of the binomial expansion of (p + q)°, 
where p = 1 —q, that is to say it will be g°. By the end of the (c+ 1)™ time 
unit the total proportion who have become affected will be the sum of the 
(c + 1)™ and (c+ 2) terms of the binomial expansion of (p+ q)°*!, that is to 
say it will be (c + 1) pq°+q°t!=q*+ecpq°; and subtracting g° who had become 
affected by the end of the c time unit, the proportion becoming affected at the 
end of the (c + 1)™ time unit is cpg’. Similarly it can be shown that the pro- 


portion becoming affected at the end of the (c + 2)" time unit is — (e+ + cae : pq’. 


More generally, the proportion becoming newly affected at es a of the 
(c + x)™ time unit is 


... € 


In each time unit up to the c™, therefore, none will be affected according to 
the assumption made; but at the end of successive time units from the c*” 
onwards the proportions in whom the cancerous process is initiated will be : 


et (c+ 2)(e+1)c. 
1.2.3 ‘ 


and so on, the frequency at the end of the (c+ 2) time unit being always 
p(c + #— 1)/x times that at the end of the preceding time unit. 

Now suppose the time unit to be one year and an “ encounter ”’ to represent 
the amount of exposure to the substance or influence which can take place in 
one year; for example such exposure might occur only in winter, only in summer 
or throughout the whole year. Then if Ny, is the number of persons becoming 
affected on reaching age a out of N who were born, assuming none to die before 
becoming affected, 

N (a—1)(a— 2) 
NY. (a—c) 


and the multiplying factor in passing from age a to age a+ 1 is 
Ya+/Ya = pal(a+1—e). 


Since there is no reason to suppose any appreciable selection in respect of the 
risk of dying from causes other than cancer, the survivors out of N persons born 
will at any age contain approximately the same proportions of persons already 
affected or in process of becoming affected as if there was no mortality; and 
consequently Ny, can be regarded as representing the annual rate of initiation of 
the cancerous process per N persons living at age a. In other words y, x 10® 
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is the rate per million living at which a cohort of people becomes affected by the 
cancerous process in a year at age a. 

Table III gives the values of y, x 10° at ages up to 7 and at five-year intervals 
after for certain values of c and q, namely when the necessary number of years 
with exposure is 4, 5 or 6, and the risk of exposure in a year lies between -02 
and -04. The points 12, 17, 22 etc., are shown because they correspond with 
the central ages of the quinquennial age groups 10-14, 15-19, 20-24, etc. 

Comparison of the resulting curves for values of c below 5 or in excess of 
5 with the cohort mortality curves for cancer of the stomach in Table IIT shows 
that no correspondence is obtained for any value of g. When c= 5, however, 
trial with different values of g shows that a good correspondence is obtained with 
the male mortality curve for g =-033 and with the female mortality curve for 
q = +027, when a time-lag of about 15 to 20 years is allowed between initiation 
of the cancerous process and death. This is seen in Fig. 3, where the four curves 


are plotted. 


Rate per annum per 10000 livin 


Fic. 3.—Comparison between actual cohort death rates and theoretical 
initiation rates for cancer of stomach. 


It is reasonable to expect that the time interval should be of this order by 
analogy with findings for industrial cancers. There is no reason at present to 
suppose that the time lag changes with age, but by analogy with processes of 
natural growth it is to be expected that the intervals between initiation of 
cancer and death from it in individuals will be dispersed around a mean 
value according to the ordinary laws of probability. For example, as was 
suggested in a previous paper (Stocks, 1950), if the mean interval is 20 years 
it is likely to have a standard deviation upwards of 5 years. This would have 
no important effect on the comparison between the theoretical curves of 
initiation rates and actual curves of mean death rates which follows, except 


1 
wie 
pee 
oh 
“3 
i\ 
\ 
\ 
\ 
\ 
® \ ~~ 
\ ~ 
\ 
~ 
~£25 
. ~£20-02 
~ ~ 
R 
~~<2nal, 
fe 
tates 


413 


AGE CURVE FOR CANCER OF THE STOMACH 


TaBLE III.—Rates of Initiation of Cancer of Stomach (new cases per annum per 
million living) Expected according to the Formula, for Selected 
Values of ¢ and q. 
Ya X 106 for q= 


Ya X 10° for c=5 


0 

11-09 0-17 0-001 0-12 0-07 
7 21-5 0-55 0-007 41 0-34 0-20 *05 
12 149-4 10-21 0-49 25-4 6-48 3-91 -92 
17 429 47-6 4-18 114-2 30-7 18-8 4-57 
22 861 132-4 15-4 306-2 86-7 53-9 13-6 
27 1423 279-7 42-0 623-6 185-9 117-7 30-6 
32 2130 497-7 91-7 1070 335-9 215-6 58-2 
37 2795 787-9 173-4 1633 540-0 351-9 98-6 
2 23 “7 
3 “5 
2 
3 
‘9 


at ages before 25. If no cancer of the stomach is initiated before 5 years of 
age and the intervals to death are dispersed around a mean of 20 years, it follows 
that for deaths occurring before 25 years the average interval must be less than 
20 years since it is derived exclusively from individuals with intervals less than 
the mean and not, as in the case of deaths occurring at 45, from a mixture of 
individuals with intervals below and above the mean. It is to be expected, 
therefore, that the average horizontal distances between the curves of initiation 
and death, though not changing with age after initiation age of 25, would 
diminish as that age falls below 25. 

Table IV shows the time intervals between the theoretical and actual graphs 
for males and females at successive age points on the theoretical curve. Between 


TaBLE IV.—Time Intervals between Theoretical Curves of Initiation of the 
Cancerous Process and Cohort Mortality Curves for Cancer of the Stomach. 


Males. Females. 
Age on Rate per Age with Time Rate per Age with Time 
theoreti- million equivalent interval million equivalent interval 
cal for c = 5, rate on in for c = 5, rate on in 
curve. q = -033. mortality years. q = -027. mortality years. 
curve. curve. 
7 0-55 16-0 9-0 0-20 14-3 7:3 
12 10-2 26-5 14-5 3-9 23-3 11-3 
17 47-6 34-6 17-6 18-8 30-8 13-8 
22 132 41-2 19-2 53-9 38-4 16-4 
27 298 47-5 20-5 118 44-9 17-9 
32 498 52-4 20-4 216 50-7 18-7 
37 790 57-1 20-1 352 56-0 19-0 
42 1145 61-2 19-2 528 60-8 18-8 
47 1561 64-8 17-8 741 65-0 18-0 
52 2021 69-5 17-5 990 69-1 17-1 
57 2512 77-0 20-0 1269 73-4 16-4 
62 3017 -— — 1573 81-2 19-2 


(=ce+2) c=4., c=5. c=6. q=-040 q=°030. q=-027. q=- 020. 
1-3. 0 0 0 ° 0 0 0 0 
77 . 7193 4485 2204 . 6966 3477 2564 953 
82 - 7364 4909 2584 - 7335 3866 2894 1115 
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ages 15 and 60 for males the intervals range from 16 to 21 years, and between 
ages 20 and 65 for females they range from 14 to 19 years. At earlier ages the 
intervals become progressively smaller with diminishing age. Since the death 
rates after 80-85 are believed to understate the true mortality the time-lag at 
very advanced ages is indeterminate. 

It is possible, therefore, to reproduce the observed death rates at successive 
ages experienced by cohorts of men and women with cancer of the stomach on 
the three simple assumptions: (1) that a total of five years with exposure to 
some carcinogenic substance or influence is necessary to initiate the cancerous 
process; (2) that the average risk of such exposure occurring in England and 
Wales in any year is about | in 30 for males (¢ = -033) and 1 in 37 for females 
(q =-027); and (3) that after such exposure about 18 years elapses on the average 
before death “occurs, with considerable dispersion about that mean interval for 
individuals. It is to be noted that the theoretical assumptions do not require 
the five years to be in continuity, but only that the years of exposure since birth 
total five years. 

The fact that the mortality curves can be so reproduced does not prove the 
theory to be correct, but only that it is compatible with the observed rates of 
dying. Since it seems to be compatible with othor observed facts also, it provides 
a possible working hypothesis to guide further investigations. 


Excess of Mortality in Urban Areas. 


It has been pointed out (Stocks, 1947) that in England and Wales rates 
of death attributed to cancer of the stomach tend to be higher in towns than 
in rural areas, and that the relative excess is greater at younger ages than 
at advanced ages. Examples of this are given in Table V by comparing death 
rates in the large towns and rural districts in 1921-30, 1947, 1949 and 1951. At 
ages under 45 the urban excess for males is about 40 per cent of the national 
rate, at 45-64 it is about 25 per cent and at 65 and over in recent years it has 
been around 7 per cent. For females the corresponding excess is about 20 per 
cent at 45-64 and below 10 per cent at higher ages. 

Reference to Table III shows that for c = 5 a small increase in the value of q 
raises the initiation rates by percentages which diminish as age advances; for 
example an increase in q from -027 to -033 raises the rates at 12, 42 and 62 by 66, 
51 and 42 per cent respectively. From this it would appear that the urban 
excess could be explained by quite a small excess in the risk of exposure to the 
carcinogenic agent in towns compared with rural areas, without having to postu- 
late any difference in the minimal exposure period c or in the time-lag after 
exposure. This seems to be a simpler and more likely explanation of the urban 
excess than the tentative suggestion made in a previous paper that the latent 
period might be affected by urban environment (Stocks, 1950). 


Relation to Theory of Multiple Mutations. 

In a paper published when this study was almost completed Nordling (1953) 
propounded the theory that the cancerous cell contains more than one mutated 
gene, and that the cancerous process does not begin until the necessary number 
of mutations has occurred. It was deduced that in such an event the frequency 
of carcinoma should increase with advancing age in proportion to the n power 
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TaBLeE V.—Death Rates from Cancer of the Stomach in Large Towns and Rural 
Districts of England and Wales, expressed in terms of National Death Rates 


taken as 100. 
Period. Age Males. Females. 
County Rural County Rural 
boroughs. districts. boroughs. districts. 
1921-30. . . 109 91 
55- ° 108 90 ° 106 97 


65-— 105 96 103 102 
107 


75 
45- ° 116 86 ° 115 91 
98 


74 
109 84 109 91 
95 


45- 
65- 101 94 107 91 
75+ 


of age, where n-+-1 is the number of mutations necessary. The slope of the 
age-graphs of death rates from all cancer (excluding female genital cancer) in 
four countries was shown to agree approximately over part of the age scale with 
the hypothetical curve y=a*. The death rates, however, were not first con- 
verted into cohort rates as the hypothesis would require, nor was any time-lag 
allowed between the last mutation and death. In the early part of life no cor- 
respondence could occur since the 6“ power of age increases far too rapidly as 
Table VI shows. 


TaBLeE VI.—Ten Year Ratios for y = a" compared with Corresponding 
Ratios shown by Cancer of Stomach Death Rates. 
Ratio to rate 10 years 


before in cohort curves 
of Table IT. 


Ratio of a" to (a — 10)" 


In Table VI ratios of a” to (a— 10)", that is the ratios between the value 
of y at age a to its value 10 years earlier, are shown for n = 4, n = 5, n =: 6, and 
compared with the 10-year ratios given by the cohort mortality rates for cancer 
of the stomach in Table II. When the same ages are compared (that is, assuming 
no time-lag between cancer induction and death) there is some correspondence 
between the hypothetical and actual ratios at ages from 30 to 50 for males when 


Conurba- Rural Conurba- Rural 
tions. districts. tions. districts. 
1951 ‘ 25- ‘ lll 68 ‘i 96 97 
Age 
n= 4, = §, n = 6. Males. Females. 
12-5 62 312 1563 1-5 1-1 
22-5 10-5 18-9 34-0 20-5 31-2 
32-5 4-4 6-3 9-1 9-5 8-2 
42-5 2-9 3-8 5-0 ‘ 5-2 3-7 
52-5 2-3 2-9 3-6 3-2 2-9 
62-5 ‘ 2-0 2-4 2-8 2-4 2-4 
72-5 1-8 2-1 2-4 1-9 2-0 
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n = 6, but at 50-70 for males and 40-75 for females correspondence is better 
with the 5 power curve. Allowing a time-lag of 10 years, however, a still 
better agreement is seen after age 20 for both sexes when n=4; and since a 
considerable time interval has to be assumed it would seem to be a more reason- 
able guess from this rough method of computation that the number of mutations 
(n + 1) required for stomach cancer is 5 rather than the value 7 as suggested by 
Nordling (1953) for cancer generally. 
The ratio of y at age (a+ 1) to its value at age a, according to the formula 
nian j j 4 6 4 1 
y =a" is (a+ 1)"/a"or , and if = 4 this becomes 1 
which approximates to (a+ 4)/a when the ages are large. The ratio between 
successive annual ordinates which characterises the formula arrived at in the 


present study when c = 5 is pa/(a — 4), and if this is equated to (1 +) for 


p =-973 (i.e., for g =-027 which was shown in Fig. 3 to compare well with the 
female death curve) the two formulae give the same ordinate at an age about 
20. After 20 the curve for y =a‘ diverges gradually from that in Fig. 3, rising 
more rapidly because it assumes that the frequency of occurrence of a mutation 
is so small that p can be regarded as unity, and also that n+ 1 mutations can 
occur in a very short time. The first of these assumptions cannot be true for 
cancer of the stomach since the size of the death rates would require a mutation 
frequency of the order of 1 in 30 persons per year which is far from negligible in 
its cumulative effect on the curve. 

If mutations are caused by what have been called “encounters” in the 
hypothesis of the present study, the two theories become merely different ways 
of expressing the same process, and it is not fortuitous that in the one case 5 
mutations and in the other case 5 ‘‘ encounters ” give the best fit with the observed 
cohort death rates. The age power formula gives an approximation to the slope 
of the mortality curve over part of the age scale. The complete formula builds 
up the rates from birth and makes it possible to calculate the risk of encounter 
(or mutation) and to estimate the average time interval to death. With these 
reservations there appears to be no important conflict between the hypotheses 
themselves. 


CONCLUSIONS. 


1. From the deaths attributed to cancer of the stomach at different ages in 
England and Wales during the period 1921 to 1950 the average mortality ex- 
perience of cohorts of males and females on reaching successive ages have been 
calculated in respect of that disease. 

2. These cohort death rates can be arrived at mathematically by supposing 
that a total of 5 years with exposure to some carcinogenic substance or influence 
is necessary to initiate the cancerous process, that the average risk of such expo- 
sure occurring in England and Weles in any year is about 1 in 30 for males and 
1 in 37 for females, and that after such exposure about 18 years elapses on the 
average before death occurs, with considerable dispersion around that interval 
for individuals. 

3. The fact that the excess of mortality from stomach cancer in large towns 
is relatively greater at earlier than at later ages is explicable on this hypothesis 
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if the risk of exposure is slightly higher at all ages in urban than rural environ- 
ments. 

4. The theory seems to be compatible with observed facts, and is not incom- 
patible with Nordling’s (1953) multiple mutation hypothesis if 5 mutations are 
postulated and certain elaborations are made to his approximate representation 
of what follows from it. It is concluded that although the theory cannot at 
present be proved to be correct it provides a possible working hypothesis for 
further research. 
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As has been found by one of us (Zondek, 1952), people suffering from essential 
hypertension have a lesser inclination to cancer than people with normal blood 
pressure ; essential hypertension has been assumed to have an inhibiting influence 
on cancer, i.e., it may prevent development of cancer altogether or postpone its 
occurrence for years or even decades. The negative relationship existing between 
the two diseases includes both sexes, but has been foufd to be more marked in 
men than in women; and in the latter, in some groups of cancer, i.e., those of 
the sexual organs and breast, the negative relationship, if existing at all, can 
hardly be regarded as a significant one. 

The incidence of carcinoma being much greater than that of sarcoma, cases 
of the former only were subjected to the investigations quoted above. Mean- 
while, we took the opportunity of examining sarcoma, too ; moreover, leukaemia 
was included, since this disease is now regarded by most of the authoritative 
workers (Rohr, 1949), as also belonging to the group of malignant diseases. 
Compared with the number of cases of carcinoma which were the subject of the 
previous examinations, the number for sarcoma and leukaemia we have examined 
is rather small, i.e., 237 cases ; but, for the following reasons, we should be entitled 
to report on them. 

(1.) The patients with sarcoma and leukaemia we have examined include not 
only the material at present under observation in the main hospitals of this 
country, but comprise also most of the hospital cases observed during the last 
5-10 years; considering the comparatively low incidence of sarcoma and leu- 
kaemia, we shall hardly be able to report on a much greater material in the near 
future. 

(2) The result of our examinations, even based on this number of cases, is, 
in our opinion, unequivocal and all the more convincing as it corresponds to our 
expectations, i.e., in principle it fits in with the result of the examinations obtained 
in the cases of carcinoma. 

(3) Our findings may encourage other workers who have at their disposal 
much more material, for this study. 

The investigations on carcinoma were, of course, continued. While the data 
of the carcinoma cases, to which the first publication referred, to a considerable 
extent were gained from the case reports we had obtained from various hospitals, 
most of the new cases were examined by us and with the precautions necessary 
for a reliable estimation of blood pressure (repeated examinations on successive 
days). As to the particulars of the diagnosis of essential hypertension we refer 
the reader to the first publication (Zondek, 1952). Moreover, in a not too small 
proportion of the cases, we could ascertain the estimations of blood pressure 


4 418 
4 
( 
ve ‘ 
4 
7 


MALIGNANT GROWTHS AND ESSENTIAL HYPERTENSION 419 


which were made during the years prior to the onset of cancer, The new investiga- 
tions are not only in full accordance with those reported in the first publication, 
their result is even more pronounced. Thus, in the male patients, aged 40 and 
more, among the 100 newly examined cases of carcinoma of the intestinal tract, 
pancreas, liver, gall bladder and those of the respiratory tract only 3, i.e., 3 per 
cent were found to suffer from essential hypertension. This result is the more 
remarkable, since the greater proportion of these patients, i.e., 87, belong to the 
age group of over 50 years with a usual incidence of hypertension of 20-25 per 
cent. In 33 of the 100 new carcinoma cases the blood pressure which existed 
before the appearance of the malignant disease, could be ascertained ; essential 
hypertension was found in only 2 cases. For obvious reasons, cases of malig- 
nancy where the blood pressure before the onset of the disease can be ascertained, 
may be the most reliable with regard to the problem we are dealing with, as has 
been explained in the previous publication. It should, however, be realised that 
statistics based on this principle may indicate a higher incidence of hypertension 
in cases of malignancy than it really amounts to ; for it can reasonably be assumed 
that the chance that blood pressure had been estimated in the past is greater in 
hypertension cases than in others; on the other hand, the mere assertion of a 
patient of having always enjoyed good health can not be held sufficient to include 
him in these special statistics. 

A summary review of the essential findings concerning carcinoma cases is 
given in Table I ; this review may also serve a better understanding of our findings 
in sarcoma and leukaemia. The carcinoma cases comprise those which were 
elaborated in the previous publications plus the newly examined cases. 


TABLE I.—Cancer in Men (720 cases). 
Hypertension Hypertension 
found in found in Usual 
various forms cancer of the incidence of 
tract 
Age-group. 
40-49 
50-59 
60-69 
70 and over . 


* According to the new examinations this figure seems to be too high. 


Cancer in Women (1148 cases). 


Hypertension 
found in 
various forms Hypertension 
of cancer, found in Usual 
excluding breast cancer of incidence of 
i breast hypertension 
(%)- (%)- 
10-0 13-3-16-7 
22-2 24-0-31-0 
. 32-1 29-0-42-0 
70 and over . 50-0 34-0-53-0 


As to the evaluation of the findings we refer to the previous publication 
(Zondek, 1952), but it may be again stressed that some groups of carcinoma deviate 
altogether from the general line; e.g., in carcinoma of the breast, as seen in 
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Table I, incidence of essential hypertension is so close to the figure, which has 
been assessed by us as the normal incidence and which naturally can only be 
regarded as approximately exact (Zondek, 1952) that the rate for hypertension 
found in cases of cancer of the breast could with some right also be regarded as 
its normal incidence in women. 

Our material is numerically not large enough for us to decide, whether or 
not in men too, carcinoma of the sexual organs, such as testes and prostate, 
deviate from the general line. Moreover, in men as well as in women, tumours 
of the kidney may require special consideration and elaboration, since tumour of 
the kidney by itself (as in the Goldblatt-kidney) may produce hypertension, 
i.e., hypertension found in a case of kidney tumour does not automatically prove 
that it was a patient with essential hypertension who developed cancer. There- 
fore, only cases where the rate of blood pressure existing prior to the onset of the 
malignant kidney disease can be ascertained, should be considered suitable for 
the statistical elaboration. 

As in the case of carcinoma, in sarcoma and leukaemia too, only those patients 
were considered suitable for our investigation, whose general condition was still 
satisfactory ; cases with considerable anaemia and those with elevated temperature 
were automatically excluded ; accordingly, as far as leukaemia is concerned, 
the big majority of the cases elaborated in our statistics were of the chronic type. 
On the other hand, cases of sarcoma and leukaemia, irrespective of their general 
condition, were included in the statistics when the blood pressure existing before 
the onset of the malignant disease was known (i.e., testified by the attending 
physician). 

The sarcoma cases comprise the various forms of sarcoma (including melanotic 
sarcoma and multiple myeloma); the cases of leukaemia were nearly all of the 
lymphatic or myelogenous type. : 

The number of cases not being large enough, a separate statistical elaboration 
for both sarcoma and leukaemia and arranged according to age groups in decades— 
as has been done in the cases of carcinoma—did not seem expedient ; our statis- 
tics comprise both diseases with several age groups lumped together (Table IT). 


TABLE II.—Sarcoma and Leukaemia in Men. 


Usual 

Hypertension incidence of 

Number found hypertension 
Age-group. of cases. (%)- (%)- 
40-69 133 3-0 18-20 

Sarcoma and Leukaemia in Women. 

Usual 

Hypertension incidence of 

Number found hypertension 
Age-group. of cases. (%)- (%)- 
40-59 62 8-0 18-24 


Nevertheless, the rough figures for every decade and for every group of the 
two diseases shall be reported, too. (Table ITI). 

In 38 of the reported cases of men suffering from sarcoma or leukaemia the 
blood pressure which had existed prior to the appearance of the malignant disease 
could be ascertained ; in only 1 case hypertension was present. 
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TABLE IIT. 
Sarcoma in Men. Leukaemia in Men. 
Hypertension Hypertension 
Number found Number found 
Age-group. of cases. (in numbers). of cases. (in numbers). 
40-49 ‘ 24 1 F 22 Nil 
50-59 ‘ 23 1 ‘ 27 1 
60-69 23 1 15 Nil 
70 and over . 4 1 1 
Sarcoma in Women. Leukaemia in Women. 
Hypertension Hypertension 
Number found Number found 
Age-groups. of cases. (in numbers). of cases. (in numbers). 
40-49 17 l 13 Nil 
50-59 16 2 . 15 2 
60-69 : 10 1 ‘ 9 3 
70 and over . 5 2 5 1 


As our examinations have proved, sarcoma as well as leukaemia do not in 
principle differ from carcinoma in their relationship to essential hypertension. 
In both sarcoma and leukaemia, as in carcinoma, the inhibiting influence of essen- 
tial hypertension on the development of the disease is more marked in men than 
in women ; while in the latter it is apparently no longer in force beyond the age 
of 59, in men it is not only stronger but still makes itself felt in the age group 
60-69. In view of the paucity of our material we cannot state whether or not 
an inhibiting influence is present even beyond the age of 70. Moreover, it should 
be stressed that in any case patients over 70 (this naturally applies also to cases 
of carcinoma) are not very suitable for our investigations, because in this age-group 
the level of blood pressure very often is too much influenced by common arterio- 
sclerosis ; therefore, in many cases we face great difficulties in deciding whether 
a case with hypertension belongs to the group of pure common arteriosclerosis 
or essential hypertension combined with arteriosclerosis. 


DISCUSSION. 


It should not be surprising that the relationship, existing between carcinoma 
and essential hypertension has been found also in the cases of sarcoma, and the 
fact that leukaemia behaves in the same way may serve as further evidence that 
leukaemia, too, is a malignant tumour. However, our findings with regard to 
leukaemia may have also some other importance. As Zondek (1953) has pointed 
out it should @ priori, be assumed that antagonisms must play a decisive part 
in pathology, no less than in physiology and the whole realm of biology. As to 
the biological antagonism existing between malignant growth and essential hyper- 
tension the question had been raised whether certain substances, which may be 
important for the development of cancer and essential hypertension may not 
have a mode of action characterized by mutual inhibition or competition. These 
substances in question are certainly not known, as yet; but for an eventual 
examination of the substances possibly being active in essential hypertension, 
with regard to their inhibiting action on malignant growth, leukaemia can be 
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assumed to be a better test than cancer. Moreover, Zondek’s hypothesis, like- 
wise based on the conception of “ antagonisms in pathology,” that malignant 
tumours, or people with malignant tumours might be expected to harbour 
compounds of pharmacodynamic action and being useful in the treatment of 
other diseases, is, of course, to be applied to leukaemia as well. 


SUMMARY. 


People suffering from essential hypertension have a lesser inclination to sar- 
coma and leukaemia than people with normal blood pressure. In principle, 
the relationship existing between sarcoma or leukaemia and essential hypertension 
does not differ from that found between carcinoma and essential hypertension 
and referred to in a previous publication. 

As in carcinoma, in sarcoma and leukaemia too, the negative relationship 
between them and essential hypertension, is more marked in men than in women. 

Some special questions relating to malignant growth and essential hyperten- 
sion have been discussed in the light of the conception of antagonisms in pathology. 
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MATERIAL FROM ULLEVAAL HOSPITAL 
(OSLO CITY HOSPITAL). 
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THE present material from Ullevaal Institute of Pathology covers one hundred 
cases of primary epithelial lung tumours discovered by post-mortem during the 
10 year period 1937 to 1946. 

In a recent publication Kreyberg (1952) presents a histological classification 
of a Norwegian biopsy-material of primary epithelial lung tumours. In colabor- 
ation with Kreyberg the present post-mortem material is classified in the same 
manner. 


Certain information regarding the hospital and the population from which the material 

During the examination period Ullevaal Hospital was the only Municipal 
Hospital in Oslo. The hospital possesses departments for every speciality with 
an average number of beds of 1900. The town area of Oslo was considerably 
restricted at that time and since the only patients admitted to the hospital were 
from the town they all belonged to a typical town milieu. The average popula- 
tion of Oslo during the examination period was 260,000. The hospital has no 
out-patients departments. All patients are admitted directly from the town’s 
practising doctors, either as emergency cases or according to a waiting list which 
is effected in strict rotation. This proves that no special selection of the cases 
is made. 

During the examination time surgical treatment of lung tumours was rarely 
performed. 

The number of patients treated in the hospital has increased from 20,000 in 
1937 to 26,000 in 1946, the number of beds being practically the same. This 
increase can be accounted for by a more efficient management. The number 
of deaths in the hospital has remained almost unchanged despite the greater 
number of patients treated. 

All those who die in the hospital are subject to post-mortem provided there 
are no objections from the relatives. No selection is made of cases for post- 
mortem. The average post-mortem percentage was 70 (Fig. 1). 

Sex ratio in the post-mortem material was for males to females as 1-1 is 
to l. . 

As Ullevaal Hospital serves the greater part of the town’s population who 
die in hospital I feel justified in maintaining that the post-mortem material from 
Ullevaal Institute of Pathology gives a representative picture of the causes of 
deaths amongst the town’s population. 
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Fic. 1.—The number of admissions, number of dead and number of post-mortems at Ullevaal 
Hospital in the years 1927 to 1946. Each column represents one year. ——— Number of 
admissions. [] Number of dead. [=| Number of post-mortems. 


THE MATERIAL, 


In the 10 year period 1936 to 1947 a total number of 1744 malignant tumours 
were discovered amongst the 9371 post-mortems performed, of which 122 cases 
were specified in post-mortem records as primary lung tumours. After scrutin- 
izing these 122 cases with a view to this classification 22 instances were set aside. 
These included a few cases of neurinomas, a number of cases where the mitro- 
scopic sections were too indistinct to allow a precise diagnosis to be made, and 
all cases where there were neither microscopic sections nor parafin blocks left to 
judge by. The final material therefore consists of 100 cases. 


Age and sex distribution (Fig. 2). 

Males: 70 per cent; females: 30 per cent. This gives a sex ratio for male 
to females of 2-3: 1. Since the sex ratio in the post-mortem material is 1-1 : 1, 
the corrected sex’ ratio becomes 2-2:1. Opsahl and Falkenberg (1937), who 
have published the material from the Ullevaal Institute for the years 1926 to 
1935 found in 37 cases a sex ratio of 1-2: 1. Other statistics generally record a 
much higher figure for males. (Ochsner and deBakey (1941) 3-8: 1; Wegelin 
(1942) 45:1; Bonser (1934) 3-5: 1; Fried (1948) 4:1.) It appears that none 
of these authors have made correction for sex ratio in the post-mortem material, 
and that where this is indicated there are in all instances many more post-mortems 
performed on males than on females. Steiner (1944) who has made such a 
correction had before this a sex ratio of 3-8: 1, afterwards 1-8: 1. 

In this material the age-group for males of 40 to 49 years shows the greatest 
number of cases, with an even decrease towards the elder years. Amongst the 
females a small number is found until the age of 60 years, after which as many 
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Number of cases 


0-9 10-19 20-29 3039 4049 5059 60-69 70-79 80-89 
Age group 
Fic. 2.—The distribution in age-groups of primary epithelial lung tumours in post-mortem 
material from Ullevaal Hospital in the years 1937 to 1946. Males in the first columns, 
females in the second for each age-group. 


females are recorded as males. In earlier statistics Ochsner and deBakey (1941) 
record largest figures between 51 and 60 years, similarly for males as for females ; 
Fried (1948) highest figures for males between 51 and 60 years and like figures 
for females in all age-group between 40 and 70 years; Bonser (1934) shows 
highest figures for males in the group 51 to 55 years, and next highest figures in 
the group 46 to 50 years. 


Histological classification. 

A. Adenocarcinoma (Fig. 3) constitutes 30 per cent, 15 males and 15 females. 
The distribution is even in all age-groups from 40 years and upwards, with highest 
figures in the age-group 70 to 79 years. 
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Number of cases 
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Age group 


Fic. 3 to 6 show the distribution of the same material according to microscopical classification 
in age-groups. Males in the first columns, females in the second for each age-group. 
Fic. 3.—Adenocarcinoma. Fic. 4.—Squamous cell carcinoma. Fic. 5.—Small cell 
(“ oat cell”) carcinoma. Fie. 6.—Adenoma. 
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Fig. 6. 


B. Squamous cell carcinoma (Fig. 4), 19 per cent, 16 males and 3 females, with 
an even distribution for males in all age-groups from 40 to 80 years. 

c. Large cell carcinoma, 11 per cent, 7 males and 4 females. 

D. Small cell carcinoma (oat cell) (Fig. 5), 24 per cent, 23 males and 1 female, 
with highest figures in the age-groups 40 to 49 and 50 to 59 years. Of the 4 in 
this group who are aged over 60 years, 3 are between 60 and 63 years. 
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E. Alveolar carcinoma, 2 per cent, both cases males aged 39 and 58 years 
respectively. 

F. Adenomas (Fig. 6), 14 per cent, 7 males and 7 females. 

Post-mortem material does not provide the same opportunities for precise 
classification as biopsy material. The post-mortem changes which occur before 
the autopsy is performed are the main reasons for this. This factor may have 
affected the above classification in certain instances of the small cell carcinoma 
as opposed to malignant adenomas and vice versa. It is possible that the high 
number of large cell carcinomas can also partly be caused by this factor—which, 
however, is of no special importance to the validity of the classification. 

I have not been able to find in the literature any post-mortem statistics of 
primary lung cancer which have been classified according to above mentioned 
classification. In fact, very few of the authors on lung cancer statistics have 
dealt with that particular side of the topic. In my opinion it seems necessary 
to enter into details in the classification of lung tumours both in biopsy and in 
post-mortem material if any reliable conclusion is to be drawn about the increase 
of lung cancer, and especially so with a view to possible genetic factors of this 
increase. 


RESUME AND CONCLUSION. 


With reservation for the small figures the material must be assumed as a 
representative post-mortem material. (Sex ratio 1*1 : 1.) 

Corrected sex ratio'amongst the cases of primary epithelial lung tumours 
2°2: 1 (males to females). 

Adenomas and adenocarcinomas are evenly distributed amongst males and 
females. 

Squamous cell carcinoma and small cell carcinoma which together constitute - 
43 per cent of the material are to be found mainly in males (39 males and 4 females). 
This very selective occurrence of the squamous cell carcinoma and the small cell 
carcinoma (“oat cell carcinoma ’’) in the males suggests one or more special 
factors in the development of these two types, either endogenous and/or exo- 
genous. 
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THE discussion of the lung cancer problem in Norway was started in 1937 
when Harbitz presented a survey of 70 primary lung carcinomas from the autopsy 
material at Rikshospitalet, covering the years 1900-1937 (Harbitz, 1937). At 
the same time a paper by Opsahl and Falkenberg (1937) appeared, comprising 
56 primary lung carcinomas from the autopsy material at Ulleval Hospital, 
including the years 1916-35. These publications gave no indication of an increas- 
ing frequency of lung carcinomas, nor of a higher frequency in men than in 
women. 

Kreyberg in recent years has taken up the problem on a broad basis. He 
emphasises that a histological classification is necessary if we want a rational 
approach to the aetiological factors, and he has recently given an analysis of 
probable aetiological factors based on a histological typing of the different 
primary epithelial lung tumours (Kreyberg, 1952). His material includes only 
biopsies received for diagnostic purpose and resected lungs, and it is a typical 
surgical material. He states that even if surgical material from different coun- 
tries may be well suited for comparison, the material is not representative for 
the occurrence of lung carcinomas in the different populations. A comparison 
between surgical material and autopsy material will show deviations. 

As to organized, routine examinations of autopsy material in Norway, Ulleval 
Hospital and Rikshospitalet represent more than 70 per cent of the total autopsy 
material, and of this the larger part comes from Ulleval Hospital. From Ulleval 
Hospital, Jakobsen (1953) recently has presented a study of 100 primary epithelial 
lung tumours from the autopsy material, and covering the period of 1937-46. 
Ulleval Hospital receives the patients exclusively from the city of Oslo, while 
Rikshospitalet receives patients from all parts of the country. A comparison 
between the materials from these two hospitals may accordingly be of some 
interest. 

The material from Ulleval Hospital as well as the present from Rikshospitalet 
is revised and classified in co-operation with Professor Kreyberg and the respec- 
tive authors which should guarantee a uniform histological classification. 

The material of the present report comprises primary epithelial lung tumours 
from the autopsy material at Rikshospitalet in the period 1925-52, both years 
included. Originally the material consisted of 157 cases, but 23 cases were 
excluded because the tumours were diagnosed as neurinomas, Hodgkin’s disease 
or metastases. Some of the slides permitted no definite diagnosis, and finally 
paraffin blocks and slides were missing in 3 cases. Thus the material has been 
reduced to 134 verified primary epithelial lung tumours in 94 men (70 per cent) 
and 40 women (30 per cent). Out of the material, 108 cases were received from 
8 different departments within Rikshospitalet and 26 cases from 5 other hospitals 
in Oslo. The treatment has been lobectomy or pneumonectomy in 22 patients, 
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in some cases combined with post-operative X-ray treatment. X-ray treatment 
exclusively was given in 16 cases, while the rest of the cases were given no special 


treatment. 
The time covered by the investigation has been divided into 5-year periods, 
with one 3-year period for the last years 1950-52, and the distribution of the 


material is shown in Table I. 


TaBLE I.—The Distribution of the Lung Tumours in the Different Periods. 


Men. Women. M.+W. _ Surg. Dept. A. 

1925-29. 2 2 ‘ 4 0 
1930-34. 9 6 15 2 
1935-39 17 5 22 3 
1940-44. 12 ll ‘ 23 4 
1945-49. ‘ 30 . 10 ‘ 40 15 
1950-52 24 6 30 20 

94 40 134 44 


Table I reveals a definite difference in occurrence of lung carcinomas in men 
and women with a great preponderance of the male sex. After 1945 this difference 
becomes even more significant, and in the 3-year period 1950-52 the ratio between 
men and women is 4: 1. 

The Table I contains one column indicating that one-third of the total cases 
come from a single department, Surgical Department A, and these cases mainly 
date from the period 1950-52. The reason for this may partly due to the increased 
thoraco-surgical activity in this department in the course of the same years, 
partly to the improved diagnostic apparatus. An increased use of X-ray screen- 
ing may have added to the number of patients in these years. 

As to the age distribution, 42-5 per cent of the patients are more than 60 years 
and 74-6 per cent more than 50 years. 


TaBLE II.—The Distribution in Age-groups of the Lung Tumours. 
<20 years. 20-30 . 30-40. 40-50. 50-60. 60-70. 70-80. 80-90 


M. W. M. W. M. W. M. W. M. W. M. W. M. W. M. W. 


1 6 5 22 44 44 ll 1 


Table II shows that the largest number of cases are found in the age-groups 
50.60 years and 60-70 years, in contrast to the material from Ulleval Hospital 
(Jakobsen, 1953) where a maximum is found between 40-50 years. 

The histological classification gives a distribution of the different types as 
shown in Table III. This table also gives the distribution between men and 


women. 
About one-third of the total number of tumours are adenocarcinomas with a 


TaBeE III.—The Distribution of the Different Types of Lung Tumours. 


%. Men. Women. 
1. Squamous cell carcinoma 29-1 30 > 9 
2. Large cell carcinoma . ‘ 7 2 
3. Small cell carcinoma . - 28 4 
4. Adenocarcinoma 20-1 18 21 
5. Bronchiolar cell carcinoma . 3-8 4 1 
6. Adenoma . . 7-5 7 3 


! 


430 T. CHRISTIANSEN 


slight preponderance in women. The squamous cell carcinomas and the small 
cell (“‘ oat ’’-cell) carcinomas together amount to 53 per cent of the tumours and 
both types occur with a marked preponderance in males. In comparison with 
the material from Ulleval Hospital (Jakobsen, 1953) we find quite a good accord 
in the distribution of the different types, although this material contains less 
squamous cell carcinomas and some more adenomas and large cell carcinomas. 
The adenocarcinomas and the “ oat ”’-cell carcinomas, however, have the same 
distribution in both series. 

Table IV demonstrates the distribution of the different tumour types as to 
age and sex. 


TaBLE IV.—Age Distribution of the Various Groups of Lung Tumours. 
<20 years. 20-30. 30-40. 40-50. 50-60. 60-70. 70-80. 80-90. Total. 


Squamous cell 3 0 1 5 9 15 0 0 30 39 
carcinoma 2 0 0 0 0 5 4 0 0 9 
Large cell car- 3 0 2 0 2 1 1 1 0 75 
cinoma g 0 0 1 0 0 1 0 0 2 
Small cell car- 3 0 0 0 4 11 ll 2 0 28 \ 35 
cinoma 7 0 0 0 0 1 2 1 0 4 
Adeno-carcinoma . ¢ 0 2 1 3 3 5 3 1 18 39 
g 0 0 1 4 9 5 2 0 21 
Bronchiolar cell 3 0 2 0 0 2 0 0 0 4\ 5 
cascinoma g 0 0 0 1 0 0 0 0 1 
Adenoma 3 1 0 1 2 2 0 1 0 7 10 
2 0 0 0 1 0 3f 


The adenocarcinomas occur in most of the age-groups, but with a maximum 
between 50 and 60 years. The squamous cell carcinomas and “ oat ’’-cell car- 
cinomas are found mainly in the age-groups 50-60 years and 60-70 years, with a 
maximum in the older group. A remarkable observation in this series is the con- 
centration of the squamous cell carcinomas in these higher age-groups, both in 
men and women. 

From the present material no direct conclusion can be drawn as to a real 
increased frequency of lung cancer in Norway because the thoraco-surgical activity 
at Rikshospitalet in recent years has concentrated a considerable number of 
these patients in this hospital. The examination shows, however, that, during 
the last 10-15 years, lung carcinoma occurs far more frequently in males than in 
females. This increased frequency in males, especially of squamous cell carci- 
nomas and “oat ’’-cell carcinomas, may be regarded as an indirect proof of 
a real increase of lung carcinoma in Norway in the last 10-15 years. If the 
increased frequency of lung carcinoma was due to the improved diagnostic 
methods in these years only, an increase of all types of lung carcinoma might be 
expected, and not only of the squamous cell carcinomas and “ oat ”’-cell carci- 
nomas. 

Provided that the different types of lung carcinoma have a different aetiology, 
this and similar examinations should indicate a search for specific aetiological 
factors producing squamous cell carcinomas and “ oat ”’-cell carcinomas. 
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THis paper is a preliminary report on 1626 cases of carcinoma of the breast, 
examined with a view to assessing the influence of various factors on the appearance 
of the first recurrence. 

These patients were seen at the Royal Cancer Hospital in the ten year period 
1937-1947, and represent the total number of new patients seen (Smithers, 
Rigby-Jones, Galton and Payne, 1952; Table II). 

Of these patients 1569 were treated and all have been followed up for at least 
5 years, that is, until the end of 1952. Table I shows the full analysis of these 


TaBLE I.—All New Patients with Cancer of the Breast seen at 
the Royal Cancer Hospital, 1937-1947. 


Total number of new patients . 1626 

Number not treated ; : 57 
Died of intercurrent disease without recurrence’. 101 
Alive and free from recurrence . 283 
Primary tumour not controlled . 348 
Died of cancer. Site of first recurrence unknown ‘ ‘ 235 
Recurrent cases available for purposes of present enquiry ° 444 


cases at that time. There were 158 still untraced, with no record of their death 
at Somerset House, and 101 had died of intercurrent disease without recurrence. 
There were 283 alive having shown no sign of recurrence over the whole period in 
review. Of the remaining 1027 patients, 348 were advanced cases in which the 
primary disease had never been controlled. The remaining 679 patients were those 
in whom recurrence had occurred following treatment which had removed all 
clinical evidence of the disease. Only 444 of these are suitable for analysis, since 
in 235 of them the fact that they died of cancer is only known from the death 
certificate and there is no information about the site of the first recurrence. This 
large group of 235 unrecorded recurrences amounting to 37 per cent of the total 
recurrence is a serious handicap in the present enquiry. In the face of such a 
large group of unknown factors it is difficult to reach definite conclusions. What 
can be done is to pick out those points which appear to be of special interest and 
to study these more fully in a further investigation, when all the facts are known 
about a larger proportion of the patients and when the difficulties inherent in all 
follow-up studies carried out in war-time do not apply. 


* Given at the seventh International Congress of Radiology held in Copenhagen in July, 1953. 
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The major sites of first recurrences (Table II) were found to be the bones and 
the skin, with very little difference in incidence being recorded between the two 
sites. Lung and pleura, regional lymph nodes, lymph nodes of the opposite side, 
and liver were then found in that order of frequency. In the group of regional 
lymph nodes were included the axillary, supraclavicular and parasternal nodes of 
that side. There seemed to be surprisingly few cerebral and spinal cord meta- 
stases—these were only 2-3 per cent of the total. 


TaBLE II.—Site of First Detected Recurrences in 444 
Patients with Cancer of the Breast. 


2 recurrences were detected simultaneously in 76, 3 at once in 11, 
4 in one and 5 in one other, making 105 more first detected recurrences 
than patients. 


Bones . 

Skin. 

Lung and pleura ° 
Regional lymph nodes 
Lymph nodes opposite side 
Liver 
Brain and spinal cord 
Mediastinal nodes . 
Abdominal, other than liver 
Opposite breast 

Original breast 

Thyroid 

Other lymph nodes 


C 


The skin nodules were mainly to be found in the scar area following some form 
of operative procedure, but some presented as a first recurrence in sites as widely 
divergent as the scalp and groin. 

The bone metastases were found predominantly in the vertebral column and 
pelvis, with the remainder fairly equally divided between the ribs, skull, sternum, 
and limb bones. 

The remaining recurrences were few in number and scattered widely : in the 
abdomen and mediastinum, other lymph nodes, the thyroid gland, and the origi- 
nal and opposite breast. Recurrence in the original breast is claimed to have 
occurred when a tumour has disappeared completely clinically following irradiation 
and then re-appeared as a definite lump. Cases in which the tumour has never 
quite regressed clinically are not included in the recurrence group but appear in 
Table I in the group of 348 cases in which the primary tumour was never controlled. 
Cases with a metastasis in the opposite breast have been carefully studied to 
eliminate the possibility that the tumour is a new primary. Of the cases in which 
the tumour in the opposite breast has been assigned to the recurrence group, 
6 have had other recurrences appearing simultaneously, and 2 further cases have 
developed a mass in the opposite breast within a few months of treatment of the 
original primary, and this has been quickly followed by the appearance of further 
widespread metastases. 

Fig. 1 shows an analysis of these sites according to the year following first 
treatment in which they occurred. This shows a high proportion of recurrences 
of all sites in the first 3 years, falling a little in the fourth and fifth years, and becom- 
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ing relatively lower in the following years. Recurrence in one site does not seem to 
predominate to any significant degree over any of the years studied. In this 
figure the columns for each year show the sites of local recurrence (that is, the 
scar and regional lymph nodes) grouped together at the base with the sites of 
distant metastases above. There does not, however, seem to be any definite 
relationship between the proportion of local to distant metastases in any particular 
year. 


| | OTHER RECURRENCES 

LIVER RECURRENCES 

] OPPOSITE LYMPH NODE RECURRENCES 
LUNG & PLEURA RECURRENCES 


DISTANT 
RECURRENCES 


BONE RECURRENCES 
ei REGIONAL LYMPH NODE RECURRENCES 


LOCAL 
RECURRENCES SKIN RECURRENCES 


NUMBER OF PATIENTS 


70 
30} 
2 3 5 6-I2 YEARS AFTER TREATMENT 
YEARS AFTER FIRST 
TREATMENT 
Fic. 1.—Analysis of first recurrences according to the sites of recurrence and the years in which 


they occurred. 


The duration of life following the first recurrence in those cases in which the 
first-detected recurrence was confined to a single site is shown in Fig. 2. The 
chief points of interest found here are the rapidity with which death follows first 
recurrence in the liver, and to a slightly lesser degree recurrence in the lungs and 
pleura. Skin manifestations as a first recurrence have a much more favourable 
prognosis, Some patients are still living after the fifth year, and the majority 
of deaths occur between | and 4 years after the recurrence appeared. Recurrence 
in the vertebrae is also less rapidly fatal, the majority of deaths again occurring 
between 1 and 4 years afterwards, with some patients surviving 5 years and in 
one case as long as 8 years. 

Fig. 3 shows a comparative analysis of first detected recurrences according to 
the site of origin of the original tumour in the breast. For this analysis 16 patients 
with bilateral disease have had to be excluded. 
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A small group of centrally situated tumours has been compared with those 
diffusely infiltrating the breast. The remaining cases have been analysed in two 
ways: firstly in the inner and outer halves of the breast, and then in the upper 
and lower halves. A certain number of cases in which the site of origin of the 
tumour was not recorded have been excluded. 

These findings suggest that there is little variation in the site of first-detected 
recurrence with the position of the primary tumour in the breast. In fact the 
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TH DURATION IN MONTHS 


Fic. 2.—Distributions of durations from first recurrence to death or last follow-up, by site of 
first recurrence (limited to recurrences confined to a single site). 
@ Died of cancer. 
x Died of intercurrent disease. 
Alive. 


only differences with any significance in this figure are the higher incidence of 
first detected recurrence in lung and pleura from outer half breast tumours, and 
in liver from upper half breast tumours—the opposite of what would be expected. 
These findings must be checked by further study, but if confirmed support the 
conclusion drawn by us in a previous publication (Smithers ef al., 1952) that 
“the variation of prognosis with site of primary is due to less efficient treatment 
for patients with inner-half tumours and the reason why this is shown particularly 
in Stage I cases is that the proportion of inner-half tumours with lymph node 
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involvement classified clinically as Stage I is probably higher than that for outer- 
half tumours.” 

Fig. 4 shows a comparative analysis according to the stage of disease when the 
patient was first seen. The two later stages, III and IV, have been combined 
together for this investigation. Again, there is surprisingly little difference in 
the site distribution of first-detected recurrence with stage of the disease at the 
time of the first treatment. This adds further weight to the opinion that prognosis 
chiefly determined by the nature of the tumour that the patient develops. 
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Fic. 3.—A comparative analysis of first detected recurrences in carcinoma of the breast 
according to the site of origin of the original tumour. (Only recurrences up to 5 years used). 


A group of patients with recurrence in the scar area following radical mastec- 
tomy was taken and analysed according to whether they had received post-opera- 
tive radiotherapy to the scar or not (Table III). The percentage of first recurrence 
in the first 5 years which involved the scar area is seen to be significantly higher 
in the group not treated by radiotherapy, being 44 per cent as compared with 
24 per cent in the other group. 

A further group of patients was taken and studied in an effort to test the 
effectiveness of parasternal irradiation. To this end the observed numbers of 
first recurrences in the parasternal nodes occurring within the first 5 years in 
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patients whose treatment had included parasternal irradiation, were compared 
with the number of recurrences in the absence of parasternal irradiation. These 
figures were compared for the various sites of the breast in which the primary 
tumour had arisen and the results are shown in Table IV. This suggests that 
parasternal irradiation is of value in preventing parasternal recurrence when the 
tumour is in the inner half of the breast. However, when the primary tumour 
arises in other sites, the recurrences of all types in the group which received 
parasternal irradiation is too small to permit any definite conclusions. 
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Fic. 4.—A comparative analysis of first detected recurrences in carcinoma of the breast according 
to the stage of the primary tumour. (Only recurrences up to 5 years used.) 
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PERCENTAGE OF RECURRENCES 


CONCLUSION. 


The findings recorded here need to be checked by analysing larger numbers 
and using a more complete series. They suggest, however, that, judged by the 
site of the first-detected recurrence, the pattern of dissemination does not depend 
materially on the stage of the disease or the position of the primary tumour in the 
breast. They support the opinion previously expressed that these things depend 
more on the nature of the tumour than on any other factor. 

This investigation is encouraging, however, in that it also suggests that within 
the limits imposed on us by the character of the tumours which our patients 
develop, much can be done to assist in controlling the spread. Irradiation reduces 
the risks of recurrence in the skin and parasternal nodes, and may control the 
spread seen when metastases have occurred—particularly in skin and in some 
bones—sometimes for many years. 


(a) H.V.T. to scar. 
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TABLE III.—Recurrences in Scar Area. 


A table to show the proportions of first recurrences which involved the 
sear area for 2 groups of patients : 
(a) Those who had post-operative H.V.T. to scar area. 
(6) Those who had no post-operative H.V.T., or at least not to scar area. 
(N.B.—Patients who had pre-operative H.V.T. are excluded.) 
(b) No H.V.T. to scar. 


Total. 


i 


-— 


(6) 44 per cent. 


75 


TaBLeE IV.—The Effectiveness of Parasternal Irradiation in 
Preventing Early Parasternal Recurrence. 
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Past estimates of the frequency of the occurrence of metastases in the central 
nervous system from primary growths in other organs have varied considerably. 
In an analysis of 12,730 necropsies performed at Basel between 1870 and 1905 
Krasting (1906) found 1078 cases of carcinoma and 160 of sarcoma. Where the 
brain had been examined metastases were present in 39 of 817 carcinomas (4-8 
per cent) and in 14 of 118 sarcomas (11-9 per cent). From his figures he estimated 
that 36-8 per cent of all cerebral tumours were metastatic. and of these 27-1 per 
cent were carcinoma and 9-7 per cent sarcoma. Together with other cases from 
the literature he concluded that 18 per cent of all cerebral tumours were metastatic. 

These widely quoted figures undoubtedly need revision because his carcinoma 
group includes only 15 examples in which the primary growth was in the lungs 
and in none of these were intracranial metastases found. It must be assumed 
that “‘ mediastinal sarcoma ’”’ accounted for a large proportion of the sarcoma 
group, and a substitution of “‘ carcinoma of the bronchus” for this diagnosis 
would substantially alter the balance between Krasting’s two main groups. 

In a series of 68 cases in which cerebral metastases were found Gallavardin 
and Varay (1903) estimated that this form of dissemination occurred in one out 
of every 17 or 18 cases of malignant growth in other organs. 

More recent figures from the neurosurgical clinics of America are obviously 
too low, first, because patients in whom the intracranial lesions are part of a 
general dissemination are unlikely to be admitted to these clinics and, secondly, 
because cerebral metastases are sometimes found at autopsy without clinical 
indications of their presence. Thus the percentage of metastatic growths in all 
intracranial tumours is given as 4 by Grant (1926), 3 by Meagher and Eisenhardt 
(1931) and 3-2 by Cushing (1932) from the Peter Bent Brigham Hospital; as 5 
by Dunlap (1930, 1932) from the Mayo Clinic ; as 7-5 by Brouwer (1932) while 
Boyd (1931) and Brain (1933) estimate the incidence as 3-5 per cent and 5 per cent 
respectively. A corresponding percentage figure of 9 is given by Elkington 
(1935) from analysis of a large series. On the other hand, Courville (1950), analy- 
sing the necropsy material at Los Angeles County General Hospital, found that 
20-5 per cent of all intracranial growths were metastatic, a figure that accords 
with Krasting’s (1906) earlier estimate. 

Yet post-mortem room figures, though more likely to be reliable, cannot be 
accepted as a true estimate on account of the selection of such material, and this 
inaccuracy is exaggerated by the modern growth of neurosurgical clinics. At 
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land Street, London, W. 
+ The analysis of necropsy figures from 1909-1933 was the subject of a thesis presented for the 


degree of M.D.(Cambridge) in 1933. 


‘ 


SECONDARY NEOPLASMS OF THE NERVOUS SYSTEM 439 


the London Hospital an active neurosurgical department has been in existence 
since 1928, thus swelling the proportions of primary intracranial tumours in the 
post-mortem records. No attempt, therefore, will be made here to assess the 
frequency of metastases in intracranial neoplasms as a whole. On the other 
hand an analysis of the frequency with which different types of primary neoplasm 
involve the central nervous system and meninges appears worth while in view 
of the extensive material available and, since a substantial majority of these 
are derived from carcinomata of the bronchus, particular attention will be devoted 
to this group. 
PRESENT INVESTIGATION. 

In the post-mortem records of this Institute there are 24,229 necropsies 
from 1909 to 1950 inclusive. Amongst these are 216 cases in which the central 
nervous system, meninges or pituitary were involved by secondary neoplasms. 
Examples of secondary gliomatosis are omitted; also those in which growth 
had involved the bones of the skull or of the vertebral column but had not pene- 
trated the dura. Examples of Hodgkin’s disease, lymphosarcoma and leukaemic 
conditions involving the central nervous system were also rejected. 

In 212 of the series a full necropsy was made ; in the remaining 4 the examin- 
ation was confined to the head. In 2 of the latter the primary growth was in 
the nasopharynx, in | in the region of the mastoid process, while in the fourth, 
there was adequate clinical evidence that the primary was in a bronchus. 
Histological examination of the primary growth, or of the metastasis in the 
central nervous system, was made in all but 13 cases; both were examined in 
168 cases. 


TaBLE I.—Distribution of Cases in the Present Series. 


Total Neuro- Terato- 
Site. number. Carcinoma. Sarcoma. blastoma. blastoma. 

Lung (bronchus) j 117 117 ‘ - 
Alimentary canal ‘ ‘ 20 
Nasopharynx . ll ‘ 11 
Mastoid and middle ea 7 4 2* - rt 
Eye and orbit 2 1 
Breast 20 20 - 
Prostate . 5 5 ~ - ~ 
Uterus 4 4 - 
Bone and muscle 5 —— 5 - - 
Testis 2 2 - 
Suprarenal 4 2 1 1 - 
Chorion carcinoma 6 6 - - 
Kidney . 2 i 1 
Ovary 1 1 - - ~ 
Thymus . 1 1 - 
Pancreas . 1 1 
Larynx . 1 1 - 
Thyroid . i 1 - - 
Skin melanoma . 3 3 
Not determined 3 3 

Total 216 204 9 1 2 


* Includes a glomus tumour. 


Table I gives details of the primary site and nature of the neoplasm. The 
four examples of malignant melanoma (three of the skin, one of the eye) are for 
convenience tabulated as carcinoma. The proportion of cases referable to 
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bronchial carcinomas (53-7 per cent) is higher than in any previously recorded 
series (Willis, 1952, p. 255) with the exception (57-6 per cent) of the series of 
Globus and Meltzer (1942). Undoubtedly, however, there are local factors 
whieh have inflated this figure. Thus a greater proportion of males are admitted 
to the wards of this hospital than of females. Necropsies are not performed 
upon all who die, and consent is more often obtained for males than for females. 
Further, the kind of case admitted to the wards is linked with the interests of 
physicians and surgeons in charge of beds. The growth of thoracic surgery in 
recent years has promoted the investigation of pulmonary tumours with a view 
to operative treatment; diagnosis in this field has undoubtedly improved. 

On the other hand patients who are manifestly suffering from generalized 
carcinomatosis tend to die elsewhere than in the wards of a teaching hospital. 
This doubtless explains the relatively low figures for such a common condition as 
carcinoma of the breast. That these figures are not still lower is in part due to 
the development of a radiotherapy department with attached beds. 


Pulmonary Carcinoma, 


The 117 cases which form the largest group in this series include one, already 
mentioned, in which the head only was examined at necropsy. A complete 
examination was made in the rest and these 116 cases will alone be considered 
in the following analysis. 

In the period under review necropsies were performed upon 527 cases of primary 
carcinoma of the lung, the brain being examined in 444 cases. From 1934 onwards 
the brain was examined in each of 303 cases of primary carcinoma of the lung, 
and cerebral metastases were found in 77 cases or 25-4 per cent of the total. 
It is reasonable, therefore, to conclude that such metastases occur in about 
25 per cent of all cases of primary carcinoma of the lung. 

An analysis of the 116 cases in which the central nervous system, including 
the meninges, was involved shows that the brain itself formed the main site in 
the majority (105 cases). The pineal body alone was affected in an additional 
example. In 7 of the remaining 10 cases the intracranial dura was infiltrated 
in continuity with metastases to the adjoining skull; in 2 of these the neuro- 
hypophysis was infiltrated by growth which, in one, extended to the third 
ventricle. In 2 further cases the cerebral leptomeninges were diffusely infiltrated, 
the brain being secondarily involved by extension of this growth from the surface. 
Finally in one instance the cord alone was involved by intrathecal growth which 
infiltrated the third and fourth thoracic segments but did not penetrate the dura. 


Number and sites of metastasis in the brain. 

It has frequently been recorded that cerebral metastases are more often 
multiple than single (Fried and Buckley, 1930; Ferguson and Rees, 1930; 
Parker, 1927). Table II records the results observed in the present series. The 
metastases were single in 35 cases or 30 per cent of the total. 

Among the cases with two nodules is included one which had a mass in the 
cerebellum and another in the substance of the spinal cord. 

The distribution of the solitary metastases is shown in Table III. Omitting 
the cerebellum and mid-line structures, it is clear that there is no significant 
difference in the involvement of the right as compared with the left cerebrum. 
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TaBLE II.—The Pulmonary Group of Cases Classified According to the Number of 
Secondary Deposits Found in the Brain. 


Number of Number of 
metastases. cases. 

1 35 

2 ‘ 23 

3 ‘ 9 

4 

5 or over . 33 

Total ‘ 106 


TaBLE III.—Distribution of Solistary Metatases. 


Site of metastasis. Number. Site of metastasis. Number. 
Right frontal region Left temporo-occipital 7 ° 
Left frontal region . Right cerebrum. 
Cerebellum . 1 Pons 
Left parietal region Corpus callosum 
Right parietal region Right basal ganglia 
Left parieto-occipital region Left basal ganglia . 
Left occipital region Pineal gland . 
Left temporal region 


In only 2 cases were these solitary cerebral metastases the only secondary 
growth found in the body. 

In 58 of the 116 cases metastases were found in the cerebellum. Considering 
the relative sizes of the cerebrum and cerebellum this figure is striking. In 
view of the rarity with which emboli arrive at this destination it is impossible 
at present to explain this result ; no part of the cerebellum appears particularly 
susceptible. Our figures do not show any special site of predilection for cerebral 
metastases in respect of the various parts of the cerebrum. 


Histology. 

Microscopical examination of the primary tumour, the cerebral metastases, 
or both, yielded the results given in Table IV. This demonstrates a notable 
predominance of the oat-celled variety of growth in our series. This calls for 
no special comment since it is generally agreed that this variety is the predomi- 
nant one in bronchial carcinomas as a whole. 


TaBLE IV.—Distribution of Cases in the Pulmonary Group According to 


Histological Type. 

Histological type. Number of cases. 
Oat-celled . 43 
Trabecular polygonal celled . 24 
Squamous and squamoid 16 
Adenocarcinoma 17 


The increasing incidence of diagnosed cases of pulmonary carcinoma in the 
population, and the established tendency of such growths to metastasize to the 
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brain, are reflected in our present figures. We estimate that the brain is involved 
in about 25 per cent of all cases. This falls within the range reported: Adler 
(1912) 15-4 per cent ; Briese (1920) 23-3 per cent ; Dosquet (1921) 31-5 per cent ; 
Barron (1922) 15-4 per cent; Seyfarth (1924) 9-7 per cent; Simpson (1929) 
13-7 per cent ; Fried and Buckley (1930) 41 per cent ; Willis (1952) 33 per cent. 
The lower estimates may be due in part to the infrequency with which the brain 
was examined at necropsy, and in part to the small size of some of the series. 
On the other hand the higher rate of incidence in the report of Fried and Buckley 
(1930) from the Peter Bent Brigham Hospital may be due to the large neuro- 
surgical clinic attached to this hospital. An analysis of the incidence of all 
secondary neoplasms in the central nervous system between the years 1907-1927 
(inclusive) and from 1928, when a neurosurgical clinic was established, until the 
outbreak of the war in 1939 shows an increase from 0-5 per cent of all necropsies 
performed in the earlier period to 1-0 per cent in the later period. It might in 
particular be anticipated that the existence of a neurosurgical clinic would expand 
the observed incidence of bronchogenic secondary deposits because it is now 
widely recognised that the primary growth in these cases may be latent and so 
escape detection on clinical examination. 

The figure quoted for solitary metastasis may, of course, be too high since 
minute or even invisible foci may have escaped detection. It has already been 
mentioned that the present series includes only two examples in which the solitary 
cerebral metastases were the only secondary growth in the body. This point 
is of great importance on account of the growing interest in the possible cure 
of patients by combined lobectomy or pneumonectomy and extirpation of the 
cerebral secondary. From his independent analysis of our material from 1909- 
1949 Flavell (1949) found 8 cases in which the solitary brain metastasis was the 
only remote growth ; the involved hilar nodes were deemed susceptible to surgical 
extirpation. 


The Non-Pulmonary Groups. 


Metastasis from carcinoma of the breast. 

The present series includes only 20 examples of this form of metastasis, and 
its unsuitability for statistical consideration is clearly shown when the number 
of cases of primary carcinoma of the breast operated upon in the hospital is 
contrasted with the number coming to necropsy. From the figures in Table V 
covering a sample 5-year period it is obvious that most of the unfavourable 
cases must have died elsewhere. 


TaBLE V.—Contrast Between Number of Cases of Mammary Carcinoma Treated 
Surgically and the Number Coming to Necropsy. 


Surgical 

Year. specimens. Necropsies. 
1919 ° 93 1 
1920 . 90 2 
1921 . 110 2 
1922 82 2 
1923 ° 86 2 

Total . 461 9 
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Metastasis from carcinoma of the alimentary canal. 
The present series includes 20 examples and the sites of the primary growths 
are shown in Table VI. 


TasLeE VI.—Distribution of Cases in the Alimentary Group. 
Sites of primary growths. Number. 


Ocesophagus 3 
Stomach . i 13 

Total . 20 


Metastasis from chorion carcinoma. 


Of the 6 cases in this series, 5 were females in whom the tumours followed 
miscarriages. In one of these 5 cases the growth arose apparently ectopically 
as none was found in the uterus (Turnbull, 1911). The other case was unusual 
in that it occurred in a male, arising from a teratoma of the testis (Cairns, 1926). 


Metastasis from carcinoma of the testis. 


In one example a small spheroidal-celled carcinoma of the right testis had 
metastasized to the left eye and orbit, leading to a diffuse neoplastic invasion of 
the leptomeninges of the brain and cord. The second was the result of metastasis 
from a carcinoma arising in the interstitial cells, both testes being undescended. 


Metastasis from sarcomata of bone and muscle. 


Three of the 5 cases in this group were examples of direct spread of growth to 
the central nervous system or its meninges. The first case was one of Paget’s 
disease with involvement of the meninges at the base of the brain by a spindle- 
celled sarcoma of the sphenoid and showing superficial infiltration of the overlying 
brain tissue. Manganiello, Reimann and Wagner (1948) described a similar 
case and commented on the rarity of this association. The second case arose 
from a sarcoma of the zygoma, and in the third there was direct spread to the 
cord from a sarcoma, probably arising in the seventh left rib. 

In the fourth case the growth arose as a spindle-celled sarcoma in the arm 
and metastasized widely to include the calvarium and dura. In the fifth there 
was very widespread metastasis of a rhabdomyosarcoma to the bones, with 
involvement of the cerebral dura. 


Metastasis and invasion from malignant growths of the orbit, middle ear and mastoid. 

In 9 cases the primary growth arose in the orbit, middle ear or mastoid. In 
one case there was direct spread from a sarcoma of the orbit, and the single 
example of melanoma of the eye showed general dissemination with a single 
metastasis in the cerebellum. 

An example of glomus tumour is classified in Table I as a sarcoma. The 
neurological complications of these tumours are receiving increasing attention 
(Henson, Crawford and Cavanagh, 1953). The present example is remarkable 
in that it metastasized to remote organs. 

The fourth case of primary rhabdomyosarcoma arose in the right middle 
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ear, protruding through the internal auditory meatus and diffusely infiltrating 
the meninges. The remaining 5 cases included 4 carcinomata and one terato- 
blastoma. 


Invasion of the central nervous system by malignant growths of the naso-pharynx. 

A group of cases of considerable importance is that in which paralysis of one 
or more cranial nerves is the first indication of the presence of a malignant growth 
in the naso-pharynx. 

Full necropsies were performed in 9 of the 11 cases of such carcinomas, and 
in the remaining 2 cases examination was confined to the head. The pituitary 
gland was invaded in 4 cases. 


Diffuse Invasion of the Meninges of the Brain by Secondary Growth. 


The cases from this series now to be considered are those in which diffuse 
meningeal involvement was the predominant intracranial lesion. Those cases 
in which there were large discrete dural nodules, those in which the meninges 
were locally involved by direct spread from metastases in the substance of the 
brain, and also those cases in which the dura was invaded by direct spread from 
a primary growth external to it are here excluded. There remain 26 cases to be 
considered. The dura was diffusely invaded in 20 cases and the leptomeninges 
in 6 cases. In 4 cases both dura and leptomeninges were involved but these have 
been divided according to whether the dura or the pia-arachnoid was most 
extensively invaded. The sites of the primary growths in cases where dural 
involvement was diffuse are shown in Table VII. There was evidence of 
secondary growth in the skull in 9 of these 20 cases. 


TaBLE VII.—Site of Primary Growth in Cases with Diffuse Dural Involvement 
Association with 
Sites of Number of pachymeningitis 
primary growths. cases. interna haemorrhagica. 
Prostate . 
Suprarenal (neuroblastoma) 
Breast 


Larynx 
Total 


| 


Pachymeningitis interna haemorrhagica was present in 9 cases and 5 of these 
have been fully investigated by Russell and Cairns (1934) who conclude that the 
haemorrhage is consequent upon dilatation and rupture of the capillaries of the 
areolar layer of the dura, following permeation by growth of the veins and capil- 
laries of the outer layer of the dura from the adjacent skull. 

The sites of the primary growths in the cases showing diffuse involvement of 
the leptomeninges are shown in Table VIII. In these 6 cases there was obvious 
naked-eye evidence of growth in the leptomeninges ; to a considerable extent 
the ability to recognize this infiltration depends upon the experience of the morbid 
anatomist. 
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Taste VIII.—Site of Primary growth in Cases with Diffuse Involvement 
of the Leptomeninges. 
Sites of primary growths. Number. 


Stomach . 2 
Testis 1 
Lung 3 

Total . 6 


The mode of spread of growth to the leptomeninges. 

The suggestion that growth can reach the brain by retrograde lymphatic 
embolism from affected cervcial lymph glands has been dismissed by Willis (1934), 
on the grounds that no lymphatics exist in the central nervous system or its 
meninges. The 2 cases in this series in which meningitis carcinomatosa followed 
primary carcinoma of the stomach showed no macroscopic evidence of growth 
in the cervical tissues. 

Carcinomatous meningitis is usually found to be associated with, and evidently 
referable to the breakdown of a discrete secondary deposit in the brain into the 
ependyma lining the ventricular system. If it arose from secondary nodules in 
the substance of the brain encroaching on the surface and then spreading diffusely, 
it should be more frequently encountered. In this series many cases were found 
in which nodules had actually broken through the leptomeninges but there was 
no evidence of a generalised cancerous meningitis. In occasional cases we have 
failed to demonstrate a ventricular deposit ; in these it may have been missed 
or, alternatively, direct embolism to the meninges may have occurred by the 
blood stream. It is noteworthy that this ventricular deposit may be small, 
and clinically silent, the neurological symptoms being referable to the meningeal 
spread and the involvement of nerve-roots, especially in the posterior fossa. 

Invasion of the leptomeninges by secondary growth is frequently followed 
by perivascular infiltration of the cortex and, except for the different morphology 
of the cells, resembles closely the perivascular cuffing found in encephalitis lethar- 
gica. On the other hand, discrete nodules of secondary growth in the substance 
of the brain very rarely show this perivascular infiltration at their periphery. 


Involvement of the Pituitary Gland by Secondary Growth. 


The sites of the primary growths in 14 cases in which there was involvement 
of the pituitary are shown in Table IX. 


TaBLE IX.-—Site of the Primary Growth in Cases with Involvement of Pituitary. 


Number of 
Sites of primary growths. cases. 
Nasopharynx . 4 


1 


Not determined 
Total . 


: 
Breast 
Stomach . 1 
| | 
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Invasion of the Spinal Cord and its Meninges by Secondary Growth. 

It is well recognized that the vertebral column may be invaded by secondary 
growth producing evidence of compression of the cord without actual transgression 
of the theca. In this series only those cases in which the spinal cord or its meninges 
were invaded by secondary growth are considered. Ten such cases were found, 
and the sites of the primary tumours are shown in Table X. 


TABLE X.—Site of Primary Growth in Cases with Involvement of the Spinal Cord. 


Sites of primary growths. Number. 
Lung 

Stomach 

Testis 

Breast 

Sarcoma of rib 


Total . 


In 2 cases primary tumours, arising in the stomach and a rib respectively, 
produced metastases in the epidural tissues with direct infiltration of the meninges 
of the cord from the outer surface. 

In 2 cases there were isolated nodules of growth in the cord substance as well 
as cerebral metastases. Necropsy in the first revealed an unsuspected primary 
carcinoma of the lung with a metastasis in the cerebellum and another secondary 
nodule occupying the first and second lumbar segments of the cord. In the second 
case multiple secondary deposits involved the brain while a secondary intramedul- 


lary nodule occupied the fifth lumbar and first sacral segments of the cord. In 
this case a radical mastectomy for carcinoma had been performed 2 years previous 
to necropsy. 

The remaining 6 cases showed infiltration of the spinal leptomeninges, and 
in all except one there was involvement of the meninges or substance of the 
brain, or both. 


Discussion of the Non-Pulmonary Group. 


The non-pulmonary cases form a heterogenous group and each category 
includes generally only a few cases. Metastatic growths from the breast and 
alimentary canal together account for 40 out of the total of 99 cases. 

The effect of selection, which has been previously discussed, is apparent when. 
the 20 examples arising from primary carcinoma of the breast are considered. 
Willis (1948, p. 244) states that cerebral metastases are present in about 20 per 
cent of fatal cases of mammary carcinoma and that in fact this is the most frequent 
source of such metastases. Figures from published series are quoted in his 
second edition (Willis, 1952). Thus, if the effect of selection were eliminated, 
there should be a closer approximation between the total figures for the pulmonary 
and mammary groups. 

Consideration of the alimentary canal as a source of cerebral metastases 
shows that the group of 20 cases includes 13 examples arising from gastric 
carcinoma. The effect of selection on this group is much less pronounced, and 
the low figure indicates the greatly reduced tendency for cerebral metastases to 
occur in cases of gastric carcinoma, when compared with pulmonary carcinoma. 
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The very great tendency of chorion carcinoma to metastasize to the brain has 
been noted by Willis (1952, p. 98), and the low figure in the present series reflects 
only the great rarity of this condition. 

This heterogeneous group includes many other cases of great pathological 
interest, some of which have been briefly mentioned, but a more detailed consider- 
ation of these is not germane to the present communication. 


SUMMARY AND CONCLUSIONS. 


A series of 216 necropsies, in which the central nervous system and meninges 
were involved by secondary growth, has been analyzed in terms of the primary 
site of the neoplasm. While a great majority (117 cases) was attributed to 
primary carcinoma of the bronchus, it has been argued that this figure is inflated 
by reason of selective factors. These have also depressed the total due tomammary 
carcinoma (20 cases). 

Analysis of the pulmonary group shows that a single cerebral metastasis was 
identified in 30 per cent of cases, but in 2 only of these was this the sole metastasis 
in the body. No significant difference was found in the frequency of involvement 
of the right and left cerebrum, but there was a predilection for the cerebellum which 
remains unexplained. On histological examination the oat-cell type of bronchial 
carcinoma was predominant, in conformity with its incidence in these primary 


growths as a whole. 


We wish to thank Professor D. S. Russell for her help and advice in the 
preparation of this paper. 
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TUMOURS OF THE GLOMUS JUGULARE AND GLOMUS 
CAROTICUM. 
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I HAVE had opportunities to study seven examples of tumours of the glomus 
jugulare and have been impressed with their similarity to the better known tumours 
of the glomus caroticum. The detailed clinical accounts and histology of the 
individual cases with tumours of the glomus jugulare are being published in a 
German pathological journal (Schade, 1954). The glomus jugulare and glomus 
caroticum are both considered to be part of the chemoreceptor system (de Castro, 
1926, 1927), but are not generally regarded as belonging to the chromaffin tissues 
as is indicated by a negative chromaffin reaction. The glomus jugulare is situated 
in the adventitia of the jugular bulb or along the course of the ramus tympanicus 
of the glosso-pharyngeal nerve, while the glomus caroticum is found at the bifur- 
cation of the common carotid artery. Both structures consist histologically of 
clumps of large epithelium-like cells, generally called “ chief cells” embedded in 
an extremely vascular stroma. It is interesting to recall that although the glomus 
jugulare was first discovered by Valentin in 1840 (Watzka, 1932) and named by 
him “ Ganglion tympanicum,” it was not until after a lapse of more than 100 years 
that Rosenwasser (1945) reported the first tumour of that body. Much the same 
happened in the case of the glomus caroticum, which was first mentioned as 
“ ganglion minutum ” by von Haller in 1743, the first tumour being published 
in 1891 by (Marchand, 1891). Some 60 to 65 cases of glomus jugulare tumours 
have now been published, mostly in the American and Scandinavian literature, 
whilst more than 300 carotid body tumours have been described in numerous 
reviews mainly stressing the clinical aspects of the condition. 


MATERIAL, 


Seven examples of glomus jugulare tumours were compared with five examples 
of carotid body tumour, two of the latter coming from one case. The material 
from all the seven glomus jugulare tumours was obtained by biopsy. Two of the 
specimens of carotid body tumours were obtained following surgical removal, two 
at post mortem and one from biopsy material. The glomus jugulare tumours were 
from five females and two males, the ages of the females being 46, 49, 69, 69 
respectively and those of the males 33, 43. All patients gave the typical clinical 
history of deafness, slowly increasing over a long period of years and tinnitus. In 
some of the cases the condition had been diagnosed as haemangioma or simple 
aural polyp. It is of greatest interest to recall that one of them had a carotid body 
tumour removed six years previously. The tumours of the glomus caroticum 
were from three males and one female patient, the ages of the males being 29, 37, 
49 years and that of the female 50 years. In the female patient the tumour was 
multiple and bilateral. 
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HISTOLOGY. 


The glomus jugulare and glomus caroticum tumours showed a striking similarity 
in histological detail, so much so that no useful purpose would be served in record- 
ing individual descriptions. A selection of comparative illustrations, however, 
may perhaps be of value. As expected from their position, behind the tympanic 
membrane or in the external auditory meatus, the glomus jugulare tumours were 
usually found to be covered by squamous epithelium which was often atrophic 
or ulcerated, the ulceration affording entry to infection, so that the picture was 
complicated by inflammatory changes. In two of the cases this made the diag- 
nosis difficult, especially as only superficial fragments of the neoplasm were 
obtained by bicpsy. The glomus caroticum tumours on the other hand are, on 
account of their situation, not liahle to infection. 

The most striking features of similarity were in the appearances of the neo- 
plastic cells and in the extremely vascular stroma. The cells were arranged either 
in alveoli or columns (Fig. 3, 4), often separated by minimal amounts of stroma. 
Each alveolus consisted in sections of six to 12 cells, usually forming a syncytium- 
like structure, with only occasional cells showing distinct boundaries. By Foot’s 
stain a reticulin network could be demonstrated surrounding each alveolus, but 
not penetrating between the cells (Fig. 7). In both, the glomus caroticum and 
glomus jugulare tumours, the neoplastic cells were very much like the “ chief 
cells ’ of their respective organs. They were large (Fig. 1, 2), polygonal with either 
clear or eosinophilic cytoplasm, and occasionally, under high power, showing 
fine eosinophilic granula in their cytoplasm. The nuclei were round or oval and 
fairly regular in size, their chromatin being dense, or in some of the sections finely 
reticulated. Cells in mitosis were not numerous. The chromaffin reaction when 
applied was consistently negative. The interalveolar tissues were of three types : 
one consisting of a network of inconspicuous capillaries with a minimal amount of 
supporting tissue (Fig. 3, 4), the second consisting of large thin-walled blood 
sinuses supported by reticulum (Fig. 5, 6), and the third of wide intersecting 
bands of relatively acellular and avascular fibrous tissue (Figs. 8,9). The majority 


DESCRIPTION OF PLATE. 
Fic. 1.—Glomus jugulare tumour demonstrating tumour cell alveoli. x 385. 
Fic. 2.—Glomus caroticum tumour demonstrating tumour cell alveoli. x 385. 


Fic. 3.—Glomus jugulare tumour, showing tumour cell alveoli separated by stroma with incon- 
spicuous capillaries. x 155. 


Fic. 4.—Glomus caroticum tumour showing tumour cell alveoli separated by stroma with 
inconspicuous capillaries. x 155. 


Fic. 5.—Glomus jugulare tumour displaying wide sinusoids. x 155, 
Fic. 6.—Glomus caroticum tumour displaying wide sinusoids. x 155. 
Fic. 7.—Reticulum stain (glomus jugulare tumour). x 385. 


Fic. 8.—Glomus jugulare tumour. Diffuse fibrosis and tumour cell alveoli with retrogressive 
changes. x 155. 


Fic. 9.—Glomus caroticum tumour. Diffuse fibrosis and tumour cell alveoli with retrogressive 
changes. x 155. 


Fie. 10.—Glomus jugulare tumour. Perivascular fibrosis. x 155. 
Fic. 11.—Glomus caroticum tumour. Perivascular fibrosis. x 155. 
Fic. 12.—Glomus jugulare tumour. Thrombosis in sinus-like vessel. x 155. 


Fic. 13.—Glomus caroticum tumour. Thrombosis in sinus-like vessel. x 155. 
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of the tumours showed a mixture of the three types of stroma and the distribution 
of these largely determined the overall pattern of the tumours. A notable feature 
was that the third type of stroma was as a rule associated with degenerative 
changes in the neoplastic cells, such as pyknosis or fragmentation of nuclei and 
vacuolation of cytoplasm (Fig. 8, 9), whereas the stroma with abundant capillaries 
or/and sinus-like vessels was always found in those parts which showed no retro- 
gressive changes. It appeared that the development of fibrosis depended on 
changes in the vascular structures, which, therefore, were examined in detail. 
On studying numerous sections it was noted that early fibrosis was always situated 
around the vessels (Fig. 10, 11), and was more obvious in connection with the 
sinus-like vessels than the capillaries. Furthermore, it appeared that with the 
increase of the connective tissue the diameter of the vessels was reduced and that 
the tumour alveoli lost their close association with the vascular channels. In 
many sections thrombi were found in the sinus-like vessels (Fig. 12, 13), and to a 
lesser degree in the capillaries. They showed a varying appearance, some were 
of very recent origin, whilst others were older and showed various stages of 
organisation up to a complete fibrosis and transformation into fibrous tissue. This 
whole range of pictures gave the impression that thrombosis played a part in the 
formation of the perivascular and diffuse fibrosis which is so characteristic of the 
tumours. 


SUMMARY. 


The features of seven glomus jugulare and five glomus caroticum tumours are 
described and their histological characteristics found to be identical. 


I would like to thank Professor Duguid for his help and advice, and Dr. 
Munro Black for his co-operation in providing the clinical notes and biopsy 
material of the glomus jugulare tumours. 
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OF THE TUMOUR TREATED IN SITU. 


A. COHEN anp L. COHEN. 


From the Experimental Oncology Laboratory, Radiation Therapy 
Department, Johannesburg General Hospital. 


Received for publication Octoberl2, 1953. 


IN a previous experiment (Cohen and Cohen, 1953) the LD; for the treatment 
of the C3H adenocarcinoma in situ was found to be 5700 (+ 140) r. It was 
considered that this quantity was not necessarily a fixed property of the tumour, 
but was probably dependent upon the state of the host. Both spontaneous 
and radiation-induced regression of tumours are known to be associated with 
stromal and lymphoid reactions or similar manifestations of a resistance mechanism 
in the host (Murphy, 1926). It has been shown that total body radiation can 
affect the host to such an extent that spontaneous regression of a homoplast 
can be reversed (Cohen and Cohen, 1951) and even genetic resistance to a hetero- 
logous implant can be overcome (Clemmesen, 1938). It seemed likely, therefore, 
that total body irradiation would also tend to prevent radiation-induced regres- 
sion of tumours, and might consequently modify the curative dose for treatment 
in situ. Accordingly, in the following experiment, the quantitative effect of 
total body radiation of the host on the radiocurability of the C3H mammary 
tumour is demonstrated. 


MATERIALS AND METHODS. 
Animals. 

The mice used in this investigation are a registered subline, designated 
C3H/Cg, originating from a high mammary tumour strain C3H/Jax, which has 
been maintained in this laboratory since 1951. The technique of homoiotrans- 
plantation and irradiation of tumour homoplasts in situ is identical with that 
reported in a previous paper (Cohen and Cohen, 1953). 


Radiation factors. 

The total body dose was given with 240 kV., 1 mm. Cu + 1 mm. AI filter, 
HVL 1-5 mm. Cu, FSD 50 cm.; the mice being treated en masse in a shallow 
cardboard box measuring 20 x 20 x 3 cm., at a surface dose rate of 50 r/min. 
At this quality of radiation, the dosage distribution throughout the body of each 
mouse is practically homogeneous. 


Experimental design. 

In a recent paper (Kaplan and Brown, 1952) it was shown that a maximal 
depression of host resistance to tumour induction with a minimal mortality of 
mice could be obtained by total body radiation delivered in 4 fractions at four- 
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day intervals. Since our experiment involved the additional factor of irradiation 
of a tumour in situ, it was considered that the treatment of an average volume 
of 500 mm.* of tumour with 7500-9000 r would constitute one of the total body 
fractions (body dose equivalent to 2-5 per cent of tumour dose). Twenty-four 
tumour-bearing mice were divided into four equal groups as follows : 

(1) The mice were subjected to 3 fractions, each of 100 r, total body irradiation 
at four-day intervals, and the tumours then treated with 7500 r four days after 
the third fraction. 

(2) The tumours were treated with 7500 r, and the animals then subjected to 
3 fractions of 100 r total body irradiation at four-day intervals. 

(3) The same as (1), but the tumours were treated with 9000 r. 

(4) The same as (2), but the tumours were treated with 9000 r. 

The lower tumour dosage level (7500 r) was chosen in order to exceed the 
LD,», as determined in the previously reported control series (5700 r), by a factor 
approaching 3 times the standard deviation, so that the probability of failing 
to cure a control mouse at this dose is less than | per cent. 

The proportion of cures at the two dose levels was determined, and the LD, 
and individual variance estimated graphically on the log-probit diagram (Fig. 1) 
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Fic. 1.—Response of tumour at two dosage levels in mice given whole body irradiation (c) 
compared with a previously determined control series (A). The increased median effective 
dose, increased variance, and probable departure from linearity in the case of totally 
irradiated animals is illustrated. 


assuming, for the purpose of analysis, that the plot is linear. Taking the three 
groups of 13 mice treated in situ in our previous paper as controls, the magnitude 
and significance of effects that can be attributed to the body dose can be estimated 
on the analogy of a five-point assay. 


RESULTS. 


In Table I the results of treatment of the C3H mammary adenocarcinoma at 
two dose levels, in conjunction with total body irradiation of the host, is shown. 
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TasLe [.—T'reatment of the C3H Adenocarcinoma in situ in Conjunction 
with Total Body Irradiation of the Host. 
Tumour Body dose Number 
dose (r). delivered : of mice. 
Prior to treatment 
of tumour . . 6 
7500 
Following treatment 
of tumour . 


Prior to treatment 
of tumour . 


Following treatment 
of tumour . 6 4 


Although the probability of cure at the dosage given is normally over 99 per 
cent, 10 out of the 24 experimental animals treated showed a transient regression 
of their tumours, which soon resumed vigorous growth with early ulceration 
leading to death from haemorrhage and infection. There were no gross metas- 
tases to other sites. Of seven female mice used in the experiment, four developed 
multiple autogenous tumours within two months of irradiation, though, in two 
of these, the homoplast was cured. 

The proportion of cures at the two-dose levels are plotted in Fig. 1 (Line C), 
together with the probit line derived in the previously reported control series 
(Line A). The linear interpolation shows that the LD,, in the case of the totally 
irradiated animals is 7900 (+ 480*) r, which is larger than that of the control 
series by a factor of 1-38 (+ 0-09*). This difference is significanat at p = -0001. 

The slope of the line indicates a coefficient of variation of 23 per cent, which 
is much larger than that in the control series, and is probably due to interaction 
between two variables, in that the body dose necessarily increases with increasing 
tumour dose. The dotted lines in Fig. | show the expected trend, extrapolated 
to higher and lower doses, but it was not considered practically feasible or suffi- 
ciently important to sacrifice large numbers of mice to define this trend in detail. 
With larger doses the deleterious effects are intensified, the host resistance is 
still further depressed, and the inevitably high immediate mortality largely 
invalidates the results. The systemic action of the radiation together with local 
destruction of the stroma and possibly some radionecrosis, all tend to diminish 
the radiocurability of tumours treated with excessively large doses. 

These experimental results indicate that the curative dose in irradiation of 
tumours is a relative quantity dependent upon the resistance of the host. When 
clinical radiotherapy necessitates a high body dose, often unavoidable in treat- 
ment of deep-seated tumours with conventional techniques, a significantly lower 
proportion of cures might be expected even if a tumour dose, known to be curative 
in an accessible site, has been delivered. 


SUMMARY. 


The LD, for irradiation of the C3H mammary adenocarcinoma in situ was 
found to be 7900 (+ 480) r when the tumour-bearing hosts were given whole 
body radiation totalling 300 r in 3 fractions. This dose is significantly larger 


* Standard errors of median and of ratio of medians. 


6 5 


RADIOBIOLOGY OF THE C3H MOUSE MAMMARY CARCINOMA 455 


than the LD,, of 5700 r reported in a control series without total body irradiation, 
indicating that a large body dose tends to prevent the radiation-induced regres- 
sion of tumours. It appears, therefore, that the curative dose is a relative 
quantity, and that host-resistance plays a vital role in the curability of cancer. 


We are deeply indebted to Dr. J. F. Murray for generously providing all the 
necessary facilities at the South African Institute for Medical Research, where 
this C3H/Cg tumour colony is maintained. 
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A TECHNIQUE was devised by Jull (1951) for the local application of chemicals 
to the bladder epithelium of the mouse while the organ is functioning under 
normal physiological conditions. The method has recently been used successfully 
to investigate the local carcinogenic activity of 2-naphthylamine and its meta- 
bolite 2-amino-1-naphthol hydrochloride (Bonser, Clayson, Jull and Pyrah, 1952). 
Further results (unpublished observation) in 160 mice which survived for the 
requisite period indicate that the appearance of epithelial bladder tumours in 
the mouse under these conditions is dependent on the carcinogenic properties of 
the chemical implanted. It was subsequently thought important to test other 
species, in particular the rat, by means of implants consisting of wax suspensions 
of 2-naphthylamine, 2-amino-1-naphthol hydrochloride or plain paraffin wax. 


METHOD. 


Piebald rats of both sexes and about three-quarters grown were used. Under 
ether anaesthesia, pellets of high melting point paraffin wax either with or without 
a suspended chemical were implanted into the bladder through an incision in the 
dome. This was closed (as in mice) by means of a continuous double row of 
sutures, using a curved arterial needle and fine white silk. The operation was 
technically easier than in the mouse and the survival rate was better. 

A suspension of approximately 12 per cent by weight of the chemical to be 
tested was made in paraffin wax, M.P. 80°C. Stirring the mixture constantly, 
rounded pellets varying in weight from 80 to 170 mg. were made by dropping 
the molten material on to a chemically clean, sterile Petri dish. This was done in 
such a way that the drops of solidifying wax built up to form large pellets, which 
were then trimmed and moulded into shape with a warm scalpel. The wax was 
from the same batch as that used previously (Bonser e/ al., 1952); the 2-naph- 
thylamine was partially purified by the British Drug Hovses Ltd., and was from 
the same batch as that used previously (Bonser, 1943); and the 2-amino- 
1-naphthol hydrochloride was prepared in the laboratory as described by Bonser, 
Clayson and Jull (1951). 


RESULTS. 


Pellets were implanted into 29 rats, but of these 8 died and were not suitable 
for post-mortem examination. Of the remainder, 8 died and the tissues were 
found to be sufficiently fresh to permit of histological examination ; the other 
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13 were killed. In all, 5 had received pellets containing 2-naphthylamine, 
8 pellets containing 2-amino-l-naphthol hydrochloride and 8 simple paraffin 
wax pellets. 

Survival was good except in the 2-naphthylamine group, where only one rat 
survived for more than 6 weeks (Table I). This group did serve, however, to 
show that epithelial hyperplasia and metaplasia occurred within the first 6 weeks 
after implantation. In the other two groups many of the rats survived for 50 
weeks or longer. 


TABLE I.— Results of Implantation of Pellets with or without Chemical. 


Post-mortem findings in bladder : 


Rat Pellet Survival - — ~ 
No. weight (mg.). (weeks). Concretion. Hyperplasia. Metaplasia. Papilloma, 
2-naphthylamine. 
27 . 123 3 _ + + 
29 141 : 4 + 
30 162 6 + 
31 ‘ 111 6 + 
35 157 56 + + 


2-amino-1-naphthol hydrochloride. 


7 125 23 _— + + + 
5 154 32 — + +. ‘ 
12 156 50 — — + + 
13 120 59 + + + + 
14 177 69 + a + + 
_ + + + 


Paraffin wax. 


19 168 47 + + + 
16 112 59 + + 
18 ‘ 155 ‘ 59 _ + — + 
20 152 59 + + 
21 ° 155 . 68 + + + + 
22 . 130 . 68 + + + + 
23 ° 162 . 68 + + + + 


The epithelial changes were classified as hyperplasia, squamous metaplasia 
and papilloma (Fig. 1-7). The latter might be single or multiple, squamous or 
transitional cell in type, and sessile or pedunculated (Fig. 8). All degrees of 
epithelial proliferation were observed in the groups of rats bearing 2-amino-1- 
naphthol hydrochloride and plain paraffin wax pellets, but no papillomas were 
seen in the 2-naphthylamine group (where only one rat survived to papilloma 
age). No carcinomas were observed but in one rat the proliferating epithelium 
of a simple papilloma had penetrated through the muscular wall of the bladder 
(Fig. 9). This type of penetration was regarded as analogous to that seen in the 
human gall-bladder in cholecystitis proliferans cystica. The weight of the pellets 
seemed to bear no relation to the subsequent epithelial changes. For example, 
in rat 9 (Table I), which lived for 69 weeks, the pellet was 80 mg. in weight. 
It had not become encrusted and the epithelial changes were of a similar order 
to those in rat 14 which bore an encrusted pellet of 177 mg. 
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DISCUSSION. 

The occurrence of papillomas, which appeared microscopically to be true 
tumours, in the bladder of rats bearing plain paraffin wax pellets was unexpected, 
and it was disappointing from the viewpoint of using the rat as a test animal for 
carcinogens while the bladder is functioning under normal physiological con- 
ditions. In this experiment the occurrence of metaplasia and tumours would 
appear to be related to the presence of a foreign body in the bladder lumen rather 
than to the presence of a carcinogenic chemical. This response of the bladder 
epithelium in the rat calls to mind the lability of the subcutaneous tissues, in 
which the implantation of cellophane (Oppenheimer, Oppenheimer and Stout, 
1948) or plastic films (Oppenheimer et al., 1952) resulted in the induction of 
subcutaneous sarcomas. 

The occurrence of papillomas following the introduction of paraffin wax 
pellets into the bladder lumen also raises the question as to what part concretions 
play in the induction of bladder tumours by other substances in the rat. In 
1947, Dunning, Curtis and Segaloff reported the finding of bladder calculi and 
carcinomas in rats of various strains implanted subcutaneously with di-ethyl- 
stilboestrol. Similar results were obtained with oestrone (Dunning et al., 1953). 
In these experiments, bladder cancer occurred only in rats which also had con- 
cretions ; many rats, however, had concretions in the bladder but no carcinomas. 

Similarly the presence of concretions may have been a factor in the induction 
of hyperkeratoses and papillomas in rats fed with azotoluene (Strémbeck, 1946). 
As control rats had neither epithelial changes nor concretions, the author con- 
cluded that the induction of tumours was independent of the presence of stones. 
But it is noteworthy that concretions were present in the three rats in which 


papillomas developed early, i.e., before 16 weeks of carcinogen treatment, though 
they were present in only one of four rats which developed papillomas after 
29 weeks. Hyperkeratosis, which occurred as early as 6 weeks, was usually 
associated with the presence of stones. 


SUMMARY. 
An experiment is described in which pellets of high melting point paraffin wax 
either with or without a suspension of a suspected carcinogenic chemical were 


EXPLANATION OF PLATES. 

Fic. 1.—Rat 29, 2-naphthylamine pellet for 4 weeks. Epithelial hyperplasia and folding, 
almost universal in the bladder. x 28. 

Fic. 2.—Rat 30, 2-naphthylamine pellet for 64 weeks. Patch of squamous metaplasia with 
keratinisation in hyperplastic epithelium. x 28. 

Fic. 3.—Rat 13, 2-amino-l-naphthol hydrochloride pellet for 62 weeks. Marked epithelial 
hyperplasia in left ureteric junction. Almost normal bladder epithelium below. x 5. 

Fie. 4.—Same field as Fig. 3. x 28. 

Fic. 5.—Rat 16, high melting point wax pellet for 57 weeks. Benign transitional cell papillo- 
mata situated on the dome. x 5. 

Fic. 6.—One of the papillomas seen in Fig. 5. x 28. 

Fic. 7.—Rat 13, 2-amino-l-naphthol hydrochloride pellet for 62 weeks. Benign transitional 
ce!l papilloma with area of squamous metaplasia to left of stalk. x 5. 

Fic. 8.—The same tumour as in Fig. 7. x 2. 

Fic. 9.—Rat 18, high melting point wax pellet for 57 weeks. Above, is a transitional cell 
papilloma with an area of squamous metaplasia and keratinisation. Below are islands of 
— which have penetrated the muscular coat and are lying close to the serosa. 
x 26. 
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implanted surgically into the bladder lumen of rats. The subsequent epithelial 
changes ranged from simple hyperplasia to benign papillomatosis and were 
independent of the weight of the pellet or its chemical constitution. Tumours 
were as frequent in rats bearing plain wax pellets as in those bearing wax pellets 
in which a chemical was suspended. The rat is thus not a suitable test animal 
for the investigation of chemical carcinogenesis by the surgical implantation of 
pellets into the bladder. 

The above results suggest that hyperplastic formations in the bladders of rats 
treated with suspected carcinogenic chemicals should not necessarily be attributed 
entirely to the action of the chemical if concretions are also present in the bladder 
at any time during treatment. 
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A CONSIDERABLE amount is known about the carcinogenic properties of 
certain aromatic amines and azo-compounds. In this paper a working hypothesis 
is put forward for the mode of carcinogenic action of these compounds and the 
evidence to support it is discussed. A working hypothesis would be of value 
not only as a basis for further systematic work in this field but ultimately if it 
could be established as having validity in prediction it would be useful in selecting 
any suspected compounds of industrial importance for full biological investiga- 
tion. No attempt has been made in this account to review exhaustively the 
literature of aromatic amine carcinogenesis: only those papers which have a 
direct bearing on the argument will be quoted. 

Those aromatic amines which are known to be carcinogenic can be regarded 
as derivatives of aniline in which the para position is substituted by a large 
conjugated group. (In the examples quoted the para position is marked by 
an asterisk.) The amino group may carry certain substituents which the body 
is capable of removing (Williams, 1947). Thus, in addition to the carcinogenic 
aromatic amines themselves, derived acetamides, diacetylamines, and mono- 
and dimethylamines have been shown to be carcinogenic. Similarly, some 
corresponding nitro-compounds are active and it is known that the nitro group 
may be reduced to an amine in vivo (Robinson, Smith and Williams, 1951). 

The carcinogenic aromatic amines have been found to induce tumours in a 
wide variety of sites in different species as is shown in the accompanying tables. 
The relatively large doses of the aromatic amines required to induce tumours 
has resulted in the use of feeding in preference to injection for their administration. 
This may be the reason why carcinomas are more frequent than sarcomas. The 
amino-stilbenes (Haddow, Harris, Kon and Roe, 1948), for example, gave rise to 
sarcomas in both rats and mice on subcutaneous injection. There is a tendency 
for aromatic amine carcinomas to occur in the liver ; sites on the various routes 
of excretion such as the bladder, ureters and intestine ; and also, in the case of 
the rat, the acoustic gland. The widespread distribution of tumours suggests 
that the active agents circulate and induce tumours where their concentration 
and other factors are favourable. In support of this Bielschowsky (1944) has 
shown that stimulation of the thyroid of the rat by allyl thiourea results in the 
formation of 2-acetamidofluorene tumours in this gland. 

Different species respond differently to the same aromatic amine. 2-Naph- 
thylamine (I), for example, induces tumours readily in the dog (Hueper and 
Wolfe, 1937; Bonser, 1943) and with difficulty in the rat and rabbit (Bonser, 
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Clayson, Jull and Pyrah, 1952). Benzidine (II) tumours are induced readily in 
the rat and with difficulty, if at all, in the dog (Spitz, Maguigan, and Dobriner, 
1950). These differences in the tumour incidence in different species suggest 
that (i) it is a metabolite rather than the amine itself which is responsible for the 
carcinogenicity of the aromatic amines and (ii) that metabolism varies from 
species to species (as has already been shown to be the case with some amines). 

Bonser, Clayson and Jull (1951) have obtained evidence that 2-amino-l- 
naphthol (III) (or one of its derivatives) is the carcinogen responsible for the 
tumours induced by 2-naphthylamine in the dog, mouse, rat and rabbit. Re- 
cently they (Bonser et al., 1952) have shown that whereas 2-amino-l-naphthol is 
locally active, 2-naphthylamine is not. In its quantitative aspects, the con- 
version of 2-naphthylamine to 2-amino-l-naphthol derivatives, offers an explana- 
tion of the differences in species susceptibility to 2-naphthylamine and for the 
localisation of tumours in the bladder of the dog, rat and rabbit, and in the 
liver of the mouse. Baker (1951) has obtained some evidence to show that 
(i) the urine of men exposed to benzidine contains a carcinogen and that (ii) 
3 : 3’-dihydroxy-benzidine (IV), a probable metabolite of benzidine, is carcino- 
genic (Baker, 1952). He has published no evidence to show that this compound 
is a local carcinogen. Walpole, Williams and Roberts (1952) quote-a personal 
communication from Baker that, not only were the intestinal tumours with 
3 : 3’-dihydroxy-benzidine obtained earlier than those with benzidine in the 
parallel experiments of Spitz et al. (1950) and Walpole et al. (1952), but that he had 
also obtained papillomas of the forestomach. No inference can safely be drawn 
from the first observation, as the use of different strains and different means of 
administration might make considerable differences to the time of appearance 
of the tumours. The latter observation is of doubtful significance as Bonser 
et al. (1952) found forestomach tumours in 30 per cent of control rats and of 
those fed 2-naphthylamine in their food. Proof of the contention of Walpole 
et al. (1952) that 3: 3’-dihydroxy-benzidine is indeed the effective metabolite 
can only be found by the direct investigation of the local action of 3 : 3’-dihy- 
droxybenzidine on the tissues. Bielschowsky (1945) isolated 7-hydroxy-2- 
acetamido-fluorene (V) from the acetamidofluorene (VI) urine of the rat. Hoch 
Ligeti (1947) suggested that this metabolite was a weak carcinogen, but as in 
her experiment the controls were killed at 500 days and most of the tumours in 
the experimental group occurred between 500 and 700 days this observation 
requires confirmation. 

The present hypothesis is an attempt to bring these first results into orderly 
relationship. It is suggested that : 

(i) compounds which contain a hydroxyl and an amino group ortho to each 
other in an aromatic system of two or more rings may be carcinogenic either in 
their own right or as a result of their further reaction ; (ii) the reason why some 
aromatic amines induce tumours whereas others do not is that the former are 
more readily converted in the body to ortho-hydroxy amines than the latter. 

Hydroxylation, and acetylation, appear to be the main detoxication 
mechanisms undergone by the aromatic amines. Aniline, for example, is con- 
verted by the rabbit to derivatives of para- and to a lesser extent ortho-amino- 
phenol (Smith and: Williams, 1949). Williams (1947) in his excellent review 
indicated that other aromatic amines behave similarly. It is now suggested 
that those aromatic amines which have a blocked para position will tend to 
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NHCOCH, 


(VI) 


hydroxylate to a greater extent in the ortho position and will thus lead to the 
postulated carcinogens, as has been shown to be the case with 2-naphthylamine. 
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The experimental testing of such a hypothesis requires three lines of approach : 
(i) proof of the carcinogenicity of the ortho-hydroxy amines ; (ii) demonstration 
that the carcinogenic aromatic amines are, in fact, converted to ortho-hydroxy 
amines in vivo; and (iii) demonstration that the carcinogenic metabolites, if 
formed, reach the sites of election of the tumours induced by the original aromatic 
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amines. A start has been made in Leeds on the first of these problems in the 
last eighteen months. A number of ortho-hydroxy amines are under test by the 
bladder implant technique (Jull, 1951) in which a paraffin wax pellet containing 
the chemical is introduced surgically into the mouse bladder. These substances 
include: 1-amino-2-naphthol, 3-amino-4-hydroxy-biphenyl, 3-amino-2-naphthol, 
1-amino-2-naphthol-4-sulphonic acid, 3 : 3’-dihydroxybenzidine and ortho-amino- 
phenol. A commercial sample of 1l-amino-2-naphthol (VII) hydrocholride has 
been found to induce tumours in five of six mice surviving for more than 16 
weeks (Bonser and Jull, personal communication). 


Detailed consideration of the aromatic amines : 

It is difficult to subdivide the known carcinogenic aromatic amines into 
further classes although they can be regarded as derivatives of 2-naphthylamine 
(II), 4-aminobiphenyl (VIII) or 4-aminostilbene (IX). The evidence for the 
mode of action of 2-naphthylamine has already been considered. The first 


(IX) 


published study of the aminostilbenes (Haddow et al., 1948) was more concerned 
with their tumour inhibitory properties than with their carcinogenic action. 
In view of the suggested connection between tumour inhibition and carcinogeni- 
city it is interesting to notice that those stilbenes found to inhibit the growth of 
the test tumour significantly were all para-substituted anilines: but it should 
be noted that by no means all para-substituted anilines in this series were tumour 
inhibiting. Thus it appears that factors other than para-substitution of an 
amine are of importance. 

By far the most extensively investigated is the 4-aminobiphenyl! series which 
includes compounds of the 2-aminofluorene type. With the exception of 2- 
aminofluorene, however, most of the work has been carried out in the rat only. 
4-Aminobiphenyl (VIII) (Walpole et al., 1952), its acetamide (Miller, Miller, 
Sandin and Rusch, 1952) and 4-dimethylaminobiphenyl! (Miller, Miller, Sandin 
and Brown, 1949) have been shown to induce tumours in the rat. Various 
methyl homologues have been found to be active including 3 : 2’-dimethyl-, 
(X), 3: 3’-dimethyl (XI) and 3-methyl-4-aminobiphenyl (XII). On the other 
hand 2-methyl- (XIII) and 2’-methyl-4-acetamidobiphenyl (XIV) were found 
not to induce tumours in the rat. The methylene bridge in 2-amino-fluorene 
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Miller et al. (1952) explain their failure to induce tumours in the 2- and 2’- 
methyl-4-acetamidobiphenyls by suggesting that the substituent destroys the 
planarity of the molecule, and thus its carcinogenicity. This is clearly inadequate 
as 2’: 3-dimethyl-4-aminobiphenyl, which was found to be highly active by 
Walpole et al. (1952), contains a methyl substituent in the 2’-position. The 
contradiction might be explained by differing metabolism of the compounds. 
As Walpole et al. (1952) have noted, o-acetotoluidine is hydroxylated whereas 
m-acetotoluidine is oxidised to meta-acetamido-benzoic acid by the dog, and it 
seems possible that the corresponding aminobiphenyls behave similarly in the rat. 


may be replaced by various other substituents (XV-—XVIII) and a fluorine atom 
may be substituted in the 7-position in this compound (XIX) without loss in 
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Walpole et al. (1952) make a special point of the enhancing of the activity of 
the 4-aminobiphenyl derivatives by the 3-methyl substituent. While their 
view provides a satisfactory explanation of the known carcinogenic activitiesof 
the methyl-4-aminobiphenyls, other substitutions can also be made without 
destroying carcinogenic activity. For example, a methylene bridge in the 
2: 2’- position as in 2-aminofluorene converts 4-aminobiphenyl into one of the 
most ubiquitous and potent carcinogens known, and according to Miller et al. 
(1952) substitution of the 7- position with fluorine in 2-acetamidofluorene may 
enhance this activity still further. If, as is now suggested, metabolism is a pre- 
requisite to carcinogenic activity, substituents might have one or more of the 
following effects: (i) a substituent might alter the reactivity of the molecule 
and render it more or less easily metabolised ; (ii) a substituent might act as an 
additional centre for metabolism, as in the oxidation of a methyl to a carboxyl 
group, and thus reduce the amount of the carcinogenic metabolite formed ; 
(iii) a substituent might block one of the routes of metabolism of a compound 
and thus alter the formation of a carcinogenic metabolite ; (iv) a substituent 
might affect the ease of interaction of a carcinogenic metabolite with the tissue. 
As only a score of aromatic amines have been adequately tested for carcinogeni- 
city it is not surprising that it is still impossible to predict the effects produced 
by any particular substituent. Nevertheless, a consideration of the possible 
effects of substituents helps to account for the apparently random arrangement 
of carcinogenic molecules within a chemically similar series. 


Azo compounds. 

The literature on the azo compounds has been fully reviewed recently by 
Badger and Lewis (1952). Although they discussed the various hypotheses 
which have been advanced to account for the carcinogenicity of azo compounds 
in terms of metabolism and in vitro reactivities, they were unable to come to 
any conclusions. To the writer it seems that the azo compounds fall into four 
classes: (i) the butter yellow group (4-dimethylaminoazobenzenes) ; (ii) amino- 
azo compounds (like ortho-aminoazotoluene); (iii) compounds containing an 
azo-2-phenol group and (iv) other azo compounds without an amino group. 
The second and third of these classes are of special interest in regard to their 
possible conversion to o-hydroxy amine derivatives. 

Those azo dyestuffs which have been found to be carcinogenic experimentally 
are oil soluble, hydrophobic compounds. From this it appears to be concluded 
that water soluble azo compounds containing sulphonic and carboxylic acid 
groups are eliminated from the body before they have an opportunity to induce 
tumours. The negative results obtained in the biological testing of these com- 
pounds, quoted by Hartwell (1951) supports the conclusion. Recent work by 
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Gillman, Gillman and Gilbert (1949) and by Simpson (1952) on trypan blue 
(XX) in the rat suggests that the introduction of a sulphonic acid group may 
not invariably render the substance harmless. 

(i) Butter yellow and its analogues: these compounds, in which an N-methyl 
group appears to be essential for carcinogenicity, induce tumours almost exclu- 
sively in the liver of the rat. Thus they differ from the carcinogenic aromatic 
amines not only in their chemical structure but also in their restricted biological 
activity. Mueller and Miller (1951) have shown that a substance which produces 
formaldehyde is formed by the action of rat liver homogenates on 4-methyl- 
aminoazobenzene. Hendry, Homer, Rose and Walpole (1951) suggest that this 
substance may be 4-hydroxylmethylaminoazobenzene (X XI) which is analogous 
to the cytotoxic methanolamines. 
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The production in vivo of a cytotoxic agent could explain the cirrhosis and 
subsequent regeneration observed in the rat liver after administration of * butter 
yellow’ and its analogues. If it should be established that o-hydroxyamino- 
derivatives are carcinogenic as a class it will be necessary to determine whether 
the cytotoxic methanolamines or the hydroxylated metabolites are responsible 
for the initiation of the butter-yellow tumours. 

(ii) Aminoazo compounds: o-aminoazotoluene is the outstanding example ; 
of this class. Crabtree (1949) examined this compound and five of its isomers 
for carcinogenic activity in rats and mice. He found, that whereas o-aminoazo- 
toluene was carcinogenic in both rats and mice, 2 : 4’-dimethyl-4-aminoazobenzene 
and 2’: 5-dimethyl-2-aminoazobenzene were only carcinogenic to. the mouse 
liver. Crabtree (1949) considered that the 3: 2’- and 4’ : 3-dimethyl-4-amino- 
azobenzenes were also carcinogenic in the mouse, but the evidence on which 
this contention is based is very meagre as only one mouse in each case showed 
microscopic hepatomas. It is now suggested that as the active compounds are | 
para- substituted anilines their mode of action may be explained by the hypo- 
thesis under discussion. 

(iti) Azo-2-phenols: azo compounds are often made by coupling a phenol 
and a diazonium compound and on occasion may lead to an azo-2-phenol : 


N = N.C,H, 
\ “aN ONa OH 
eg. CHNC! + SA \ Natl. 


Benzene-azo-2-naphthol (Peacock, 1948) is not only known to induce tumours in 
mice but also would be expected to be metabolised to 1-amino-2-naphthol. 
There is evidence to suggest that the latter is carcinogenic (Bonser and Jull, 
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personal communication). Previously, other similar azo compounds have been 
tested and found inactive (Badger and Lewis, 1952). If the ideas expressed 
here are valid it should be possible to find other carcinogenic azo- compounds 
capable of reduction to the suspected carcinogenic ortho-hydroxy amines. 

(iv) 2: 2’-Azonaphthalene and 2: 3’-azotoluene are examples of other azo 
compounds which have been found to be carcinogenic but do not fit into any of 
the above categories. It is not possible to suggest the nature of their mode of 
action but the author was unable to detect any 2-amino-l-naphthol derivatives 
in the urine of dogs fed with 2: 2’-azonaphthalene (unpublished observation). 

The tendency, hitherto, has been to regard the azo group as the part of the 
molecule conferring carcinogenicity. It is now suggested that this group is 
only of importance insofar as it helps to form a molecule of a suitable structure 
to carry functional groups which are themselves responsible for the biological 
activity. If this is so, the similarities in both chemical configuration, and in 
the induction of distant tumours, by the azo compounds, aminostilbenes and 
amino-biphenyls are more readily comprehensible. 

There seems to be no convincing evidence that aromatic amines containing 
only a single ring are carcinogenic and therefore the present hypothesis has been 
put forward in such a manner as to apply to compounds containing two rings or 
more. On the other hand Walpole et al. (1952) have applied similar ideas, without 
any additional experimental evidence, to explain the carcinogenicity of methylated 
aminobiphenyls and have suggested that single ring ortho-hydroxyamines may be 
carcinogenic. Their reasons for so doing are as follows: firstly, they quote an 
industrial report of tumours of the bladder amongst workpeople handling crude 
ortho-toluidine ; secondly, they suggest that Crabtree’s (1949) distribution of 
carcinogenicity amongst the aminoazotoluenes is best accounted for by assuming 
metabolism of the active compounds to 2-amino-3-hydroxytoluene (XXII), 
(they overlook the possibility of direct hydroxylation to give phenylazo substi- 
tuted ortho-aminophenols ;) and thirdly, they suggest that acceptance of their 
postulate would give a possible mechanism for the mode of carcinogenesis of 
2: 3’-azotoluene. However, it should be pointed out that the main experimental 
evidence for the carcinogenicity of o-toluidine (Hartwell, 1951) is based on un- 
published experimental work. The lack of reliable information in regard to the 
carcinogenic action of single ring compounds is due to inadequate testing and 
until good experimental evidence is available an open mind must be kept on 
this point. 


(XXID) 


SUMMARY, 


1. It has been suggested that aromatic amines are carcinogenic because of 
their conversion to ortho-hydroxy amines. This conversion is facilitated if the 
position para to the aromatic amino group is blocked to biological hydroxylation. 
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MODE OF CARCINOGENESIS OF AROMATIC AMINES 


2. The similarities in chemical structure and biological activity of those 
carcinogens which contain an aromatic amino group have been reviewed. 

3. The need for further experimental work, both biological and biochemical, 
has been emphasised. 
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Tue theory that the neoplastic process occurs in distinct stages, now widely 
accepted (see reviews: Furth, 1953; Anotation, Lancet, 1953), is based on 
diverse clinical and experimental evidence. The experimental demonstration 
of stages in the chemical induction of tumours in skin is largely due to the work 
of Rous and of Berenblum and their respective colleagues (Rous and Kidd, 1941 ; 
MacKenzie and Rous, 1941; Berenblum, 194la, 19416; Berenblum and Shubik, 
1947a, 19475). 

Much is still unknown of the nature and limits of these stages, their relation 
to one another, their powers of persistence, progression, or regression, and to what 
extent they lie on one or on alternative pathways. 

Various terminologies have been proposed for the stages of carcinogenesis, 
which are not entirely equivalent, and there is increasing danger of confusion. We 
propose to restrict ourselves to a few almost self-explanatory terms. By car- 
cinogen we mean a substance capable of producing malignant tumours when 
applied in adequate dose to a susceptible tissue. By incomplete carcinogen we 
mean a substance which plays some part in tumour production but is incapable of 
producing malignant tumours when applied alone. There are clearly several 
kinds of incomplete carcinogen. Two kinds concern us in the present work : 
initiating agents (Friedewald and Rous, 1944), namely substances capable of 
causing a preneoplastic change (whether pre-benign or pre-malignant), and 
promoting agents (Friedewald and Rous, 1944), often called co-carcinogens, capable 
of producing tumours in tissue which has suffered the action of an initiating agent. 
Of these latter some, perhaps, may promote the development of both benign and 
malignant tumours, and some that of one but not the other. At present, however, 
our knowledge is insufficient to make these distinctions. 

A carcinogen must, of course, have both initiating and promoting properties, 
though in certain doses or situations it may show only one of these. There are 
substances, however, which are incomplete carcinogens under all known conditions. 

To bring about only the first, or preneoplastic, part of the change in skin—-the 
“ initiating ’” process—it has hitherto been necessary to apply a small dose of a 
carcinogen, insufficient to produce tumours by itself. That is to say, all hitherto 
recognised initiating agents are potentially carcinogenic. The second part of 
the change, the production of tumours, can be brought about either by further 
applications of a carcinogen, or by various “ promoting’ agents which rarely, 
if ever, produce tumours in untreated tissue. The most effective for mouse skin, 
and the most studied, is croton oil. 


} 
4 
472 
bis 
4 


473 


INCOMPLETE CARCINOGENS 


The question whether the development of malignancy can be regarded as a 
third part of the neoplastic process (Berenblum, 19416), implying that it occurs 
only after the completion of the first and second parts, is one which cannot be 
answered at present. It has been stated that tumours arising in mouse skin 
treated once with 9 : 10-dimethyl-1 : 2-benzanthracene and then repeatedly with 
croton oil are almost all benign (Shubik, 1950). Work in this laboratory, shortly 
to be reported, has shown that this treatment does give rise to a considerable 
number of malignant tumours ; they appear many months later than the benign 
tumours, and arise as often as not in sites where no benign tumours have previously 
been seen. Further consideration of the malignant change will be deferred until 
this work is completed. 

The object of the present work was to test the hypothesis that there exist also 
initiating agents which are not carcinogens, at any rate for the tissue under 
treatment. 

The substances chosen for examination were either carcinogens for other 
tissues or species but not for mouse skin, or mitotic poisons, or both. 


MATERIALS AND METHODS. 


Mice.—Stock albinos of the “S ” strain (Salaman and Gwynn, 1951) fed on 
cubes prepared according to the Rowett Institute formula (Thomson, 1930a, 
1930b) plus fresh greenstuff twice a week, and water ad libitum. 

In the second experiment all were vaccinated with sheep lymph on the tail, 
and only positive reactors used. (This was a precaution against ectromelia. 
Vaccination, even within the treated area, has been found in this laboratory to 
be without appreciable effect on tumour production by 9: 10-dimethyl-1 : 2- 
benzanthracene, whether or not followed by croton oil.) 

Chemical agents.—9 : 10-Dimethyl-1 : 2-benzanthracene (DMBA) and 2-acetyl- 
aminofluorene (AAF) were obtained from Messrs. L. Light & Co ; ethyl carbamate 
(urethane) from British Drug Houses; p-dimethylaminoazobenzene (butter 
yellow, BY) from Messrs. Hopkin & Williams; and methyl bis (/-chloroethyl) 
amine hydrochloride (nitrogen mustard, NM) from Messrs. Merck & Co. NN- 
di(2-chloroethyl)-f-naphthylamine (R48) was kindly presented by Professor 
Boyland of the Chester Beatty Institute. Croton oil was obtained from Messrs. 
Boots’ Pure Drug Co. Acetone (analar grade of British Drug Houses) was used 
as a solvent throughout. 

Application of substances.—The hair of the whole back from forelimbs to tail 
was clipped before treatment, and at intervals when necessary. The solutions 
were delivered from calibrated pipettes, care being taken that they spread as 
evenly as possible over the whole clipped area. 0-2 ml. volumes of the DMBA 
solution and 0-3 ml. of all the others were used. When the required dose could 
not be dissolved in 0-3 ml., two or three applications of 0-3 ml. were made with 
sufficient interval to allow evaporation of the solvent (approximately 15 minutes). 

Recording of tumours.—Mice were inspected once a week, and tumours of 1 mm, 
diameter and over recorded. 

Histological examination.—Biopsies of skin about 1 x 0-5 cm. were taken 
from the treated areas under ether anaesthesia, on the days indicated below. 
They were fixed in Zenker’s fluid, and stained with haematoxylin and eosin- 


Biebrich scarlet (Gwynn and Salaman, 1953). 
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Mice dying of intercurrent infection, and those killed at the end of the first 
experiment, were examined post mortem. Selected organs were taken for histo- 
logical examination. 


FIRST EXPERIMENT. 


In a preliminary test, intended to fix conditions for a larger experiment, 
five substance were tested for initiating power, in varying concentrations in acetone. 
68 female mice, 5-7 weeks old, were divided into groups and subgroups (the latter 
of 4 mice each) and treated as follows : 


Primary treatments. 
Group 1. p-Dimethylaminoazobenzene (BY) : 
(a) 0-3 ml. 2 per cent solution (6 mg.). 
(b) 0-3 ml. 4 per cent solution (12 mg.). 
(c) 0-3 ml. 8 per cent solution (24 mg.). 
Group 2. 2-Acetylaminofluorene (AAF). 
(a) 0-3 ml. 2 per cent solution (6 mg.). 
(b) 0-3 ml. saturated solution (approx. 10 mg.). 
(c) 0-3 ml. saturated solution, 2 applications with an interval of 15 
minutes (approx. 20 mg.). 
Group 3. Ethylcearbamate (urethane) : 
(a) 0-3 ml. 20 per cent w/v solution (60 mg.). 
(b) 0-3 ml. 20 per cent w/v solution, 2 applications with an interval of 
15 minutes (120 mg.). 
(c) 0-3 ml. 20 per cent w/v solution, 3 applications with intervals of 
15 minutes (180 mg.). 
Group 4. Methyl bis (f-chloroethyl) amine hydrochloride (NM) : 
(a) 0-3 ml. 0-01 per cent solution (0-03 mg.). 
(6) 0-3 ml. 0-033 per cent solution (0-1 mg.). 
(c) 0-3 ml. 0-1 per cent solution (0-3 mg.). 
(d) 0-3 ml. 0-2 per cent solution (0-6 mg.). 
Group 5. NN-di(2 -chloroethyl)-f-naphthylamine (R48) : 
(a) 0-3 ml. 0-1 per cent solution (0-3 mg.). 
(b) 0-3 ml. 0-33 per cent solution (1 mg.). 
(c) 0-3 ml. 1-0 per cent solution (3 mg.). 
(d) 0-3 ml. 2-0 per cent solution (6 mg.). 
On the 3rd day biopsies of skin were taken from the treated areas for micro- 
scopic examination. On the 7th day the above treatments were repeated. On 
the 10th day a further series of biopsies were taken from the treated areas. 


Secondary treatments. 

Weekly applications of 0-3 ml. 0-5 per cent croton oil in acetone were begun 
after intervals of either 28 or 49 days (in view of Berenblum’s and Shubik’s results, 
19476, 1949, the length of this interval was not considered to be critical), and 
continued for 20 weeks. The number of tumours was recorded weekly. They 
were all of typically benign appearance (naked eye). A number of mice died of 
intercurrent infection, and the remainder were sacrificed at 22-33 weeks. All 
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were examined post mortem. As mentioned in the introduction, experience in 
this laboratory has shown that malignant tumours develop only after longer 
periods in this type of experiment. 


Results. 


Tumour incidence. 
Table I shows the number of tumours on mice surviving 16 and 20 weeks of 
croton oil treatment respectively. 


TaBLE I.—First Experiment. 


Primary Treatment: Test substance, dissolved in acetone, applied 
to skin of back on 2 successive weeks. 

Interval : 4-7 weeks. 

Secondary Treatment : 0-3 ml. 0-5 per cent croton oil in acetone applied 


to treated area weekly for 20 weeks. 
Number of tumours/ 


surviving mice after 


Number croton oil treat- 
Group. _ of mice. Test substances. ment for : 
c 
16 weeks. 20 weeks. 
1 12 p-Dimethylaminoazobenzene (butter yellow, BY) . 1/8 0/3 
12-48 mg. 
2 12. 2-Acetylaminofluorene (AAF) 12-40 mg. - 0/12 0/4 
3 ae Ethyl carbamate (urethane) 120-360 mg. . 13/8 11/5 
4 16 . NN-di (2-chloroethyl)-8-naphthylamine (R48)0-6 . 
—12 mg. 
5 - 16. Methyl bis (£-chloroethyl) amine hydrochloride . 0/14 6/14 
(nitrogen mustard, NM) 0-06—1-2 mg. 
Control*. 40... None (croton oil controls) . 1/36 5 /36 


* From a previous experiment. 


Prolonged treatment with croton oil alone gives rise to a few papillomas. In 
a previous experiment 1 and 5 tumours were present on 36 mice treated in this 
way at the 16th and 20th weeks repectively. The number of tumours which 
appeared in Group 3 indicate that urethane had a definite initiating effect. 
Tumours which appeared in the other groups may have heen the result of the 
croton oil treatment, but the 6 tumours on 14 mice in Group 5 suggest a possible 


initiating action by NM. 


Histological examination : (a) Biopsies of skin. 
BY.—In mice treated with an 8 per cent solution slight epidermal hyperplasia 
with a corresponding increased frequency of mitosis, but without abnormalities 
of cellular size and arrangement or damage to hair follicles, was seen on the 3rd 
‘day. By the 10th day the skin had returned to its normal appearance, except 
for the presence of a slight excess of keratin. 
AAF.—No significant changes were seen on the 3rd or 10th day. 
Urethane.—No significant changes were seen on the 3rd or 10th day (Fig. 6). 
NM.—In mice treated with a 0-2 per cent solution there was variable epidermal 
hyperplasia on the 3rd day, marked in 2 out of 4. By the 10th day all the mice 
showed gross hyperplasia of the epidermis, with definite irregularity of cellular 
arrangement and variation in size and staining of cells and nuclei (Fig. 2 and 3). 
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There was also destruction of many of the sebaceous glands, and reduction of 
some of the follicles to epithelial pegs. In mice treated with 0-1 per cent NM 
similar but less marked changes were seen. 

R48.—In mice treated with a 2 per cent solution a hyperplasia of the epidermis 
was seen, slight on the 3rd but definite on the 10th day. There was even greater 
irregularity of cellular arrangement and size than in the NM group. Many of 
the epidermal cells were very large, with enormous pale-staining nuclei, and the 
average cell size was well above normal. By the 10th day there was destruction 
of many sebaceous glands (Fig. 4 and 5). 

(b) Organ histology —Post mortem examination of mice painted initially with 
BY, AAF, NM, and R48 showed nothing of note. 

Of the mice painted initially with urethane, 4 out of 9 which survived more 
than 7 weeks showed multiple lung adenomata. These varied in size from 2-5 mm. 
diameter down to those that could only be seen under the microscope. They were 
mucus secreting, and generally fitted the description of Nettleship and Henshaw 
(1943). In addition, one of these four mice had a large tumour replacing the 
base of the right lung, adherent to the chest wall and leading to haemothorax and 
death. Histologically this tumour was adenomatous and mucus secreting, but 
it was not possible to decide whether it was a simple adenoma or an adenocarcinoma 
because of post-mortem changes. 

On the completion of the first experiment another was set up in which all 
the substances used in the first experiment were re-tested for initiating power, 
and also for promoting power after a single dose of a carcinogen, and for carcino- 


genic action when applied alone. Much larger numbers of mice were used. 
Unfortunately this experiment had to be abandoned owing to intercurrent infec- 
tion before significant results were obtained. It was then decided, on the resulis 
of the first experiment which had demonstrated unequivocally the initiating 
power of urethane, to select this substance for further study, and to postpone 
re-examination of the other substances. 


SECOND EXPERIMENT. 


A full scale examination of urethane for initiating power, with control tests 
for promoting and carcinogenic action, was carried out. 170 male mice, 7-8 
weeks old, which had been successfully vaccinated with sheep lymph on the tails, 
were divided into 8 groups. Primary and secondary treatments in each group 
are given in Table II. 


Results. 
Tumour incidence. 

The number of tumours produced in the survivors after 18 weeks of secondary 
treatment are given in Table IT, and the course of tumour development in Groups 
7, 9, and 13 is illustrated in Fig. 1, in which numbers of tumours per surviving 
mouse are plotted against time. These results may be summarised as follows. 

No tumours were produced by : 

0-3 mg. DMBA, with no further treatment ; 

0-3 mg. DMBA, followed by 18 weekly doses of 60 mg. urethane ; 

2 weekly doses of 120 mg. urethane, with no further treatment ; 
or 18 weekly doses of 60 mg. urethane. 
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TaBLE II.—Second Experiment. 


Tumours/ 
surviving 
Number mice after 
Group. of mice Primary treatment Interval. Secondary treatment. 18 weeks 
secondary 
treatment 
6 « DMBA, 0-3 mg. . 4 weeks . None 0/20 
7 DMBA, 0-3 mg. . 4weeks . Croton oil,0-3ml.05 . 104/18 
per cent weekly for 
18 weeks 
Bos None . Croton oil, as in group 7 . 3/20 
9 . 26 . Urethane, 240 mg. (120 . 4 weeks . Crotonoil,asingroup7. 115/22 
mg. on Ist and 8th from first 
days) applica- 
tion of 
urethane 
10 . 24 Urethane, 240 mg. (as . None 0/19 
in group 9) 
a ae DMBA, 0-3 mg. . 4.weeks . Urethane, 60 mg. 0/15 
weekly for 18 weeks. 
P=. None Urethane, asin group. 0/17 
ll 


Croton oil, asin group . 138/17 
7, on Tuesdays ; 

Urethane, as in group 
1l, on Fridays 


3. 20 None — 


Acetone was the solvent. throughout. 


Large numbers of tumours were produced by : 

2 weekly doses of 120 mg. urethane followed by weekly applications of 
0-5 per cent croton oil ; 

alternate weekly applications of 60 mg. urethane and 0-5 per cent croton 


oil ; 
or 0-3 mg. DMBA followed by weekly applications of 0-5 per cent croton 


oil. 
Croton oil applications alone produced very few tumours (3 in 20 mice after 


18 weeks). 


Histological appearances. 
Examination of biopsies from 6 mice of Group 12, 6 days after the 18th weekly 
application of urethane, showed no hyperplasia of the epidermis or other abnor- 


mality (Fig. 7). 


DISCUSSION 


The results of these experiments have shown that urethane when applied to 
mouse skin possesses peculiar properties. Like the carcinogenic hydrocarbons 
it has the power of initiating the process of skin tumour formation. Unlike them 
it produces no tumours when applied alone, in high doses or repeatedly. Unlike 
croton oil it does not promote the formation of skin tumours after an initiating 
dose of a carcinogen. It is, in fact, what we set out to find, namely, an initiating 
agent but neither a carcinogen nor a promoting agent for mouse skin. 

In considering the results obtained with the other substances tested in the 
first experiment, it should be noted that repeated applications of 0-5 per cent croton 
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(17 survivors) 


mouse 


(18 survivors) 


(22 survivors) 


urvivin 


Ts per s' 


umber of tuinou 


Average n 


l l l l 1 
10 14 16 18 20 22 24 
Time in weeks from beginning of primary treatment 


Fic. 1.—Development of tumours in treated mice. 
A 4 Group 7 (20 mice): 0-3 mg. DMBA on first day ; 0-3 ml. 0-5 per 
cent croton oil weekly from 4th to 21st week. 


x Group 9 (26 mice): 120 mg. urethane on first day; 120 mg. 
ae on eighth day ; 0-3 ml. 0-5 per cent croton oil weekly from 4th to 2st ‘ie. 


o——_—_—————-0_ Group 13 (20 mice): Alternate applications of 60 mg. urethane and 
0-3 ml. 0-5 per cent croton oil every 3 to 4 days from 4th to 2lst week. (No previous 
treatment.) 


oil in acetone produced a few tumours. The number of these has varied, in past 
experiments, from 0 to 0-2 tumours per mouse after 20 weekly applications. It 
is therefore probable that the occasional tumour seen in the BY and R48 groups 
was produced by the croton oil. In the NM group, however, there were 6 tumours 


EXPLANATION OF PLATES. 

Fic. 2-8.—Dorsal mouse skin from treated areas. Fixed Zenker’s fluid. Stained haematoxylin 
and eosin-Biebrich scarlet. x 250. 

Fic. 2.—3 days after application of 0-3 ml. 0-2 per cent nitrogen mustard in acetone. 

Fic. 3.—3 days after 2nd weekly application of the same. 

Fic. 4.—3 days after application of 0-3 ml. 2 per cent “‘ R48”. 

Fic. 5.—3 days after 2nd weekly application of the same. 

Fic. 6.—3 days after 2nd weekly application of 0-9 ml. 20 per cent urethane in acetone. 

Fic. 7.—6 days after 18th weekly application of 0-3 ml. 20 per cent urethane in acetone. 

Fic. 8.—3 days after application of 0-2 ml. 0-15 per cent 9: 10-dimethyl-1 : 2-benzanthracene 
in acetone. 


Note that the epidermal hyperplasia in skin treated with NM, R.48, and DMBA is of the 
same general type. Note also the absence of hyperplasia in skin treated with urethane. 
For further description of these appearances see text. 


4 
678 
7 
ve 
| 
| 
/ 
if. yf 
j 
‘ 
j 
ff 
| 
; J 
4 
2% 


Vol. VII, No. 4. 


Brrrish JourNAL oF CANCER. 


| 
| 
{ 
Salaman and Roe. 


i 
{ 
| 
4 
"he 
j 
| 
| 
| 
i 
(ane 
i 


British JourNAL oF CANCER. Vol. VII, No. 4. 


\ 
ue 
| 
Salaman and Roe. 


INCOMPLETE CARCINOGENS 479 


in 14 surviving mice after 20 weeks’ treatment with croton oil, which suggested 
that NM had some initiating power ; but the number of mice was too small for a 
definite conclusion to be drawn. A further test of this substance is planned. 

It might be argued from the results of the second experiment that urethane 
is a much weaker initiator than are carcinogens such as DMBA, since the dose of 
the former was about 1,000 times that of the latter for comparable effect. Such 
reasoning would not be justified. The dose of urethane given may have been 
more than the optimum (cf. Shubik and Ritchie, 1953), and a smaller dose might 
have proved equally or even more effective. This possibility is being investigated. 
It is probable, however, that urethane, a very soluble and rapidly eliminated 
drug, would need to be applied to the skin in much higher concentration, for 
comparable effect, than the carcinogenic hydrocarbons which persist in the skin 
for several days at least. In work of this kind the concentration of applied 
substances is not by itself of much significance. The dose which reaches the site 
of action in the tissue depends on many factors, of which the applied concentration 
is only one. 

The choice of concentrations was actually based on several considerations. 
The applied doses of R48 and NM were such as to produce slight but definite 
epidermal hyperplasia—presumptive evidence that they had reached the suscep- 
tible cells. Urethane was used in doses which caused transient narcosis, showing 
that it had at least traversed the skin. Solubility in acetone was a limiting factor 
in the cases of BY and AAF, but the doses given were considerably in excess of 
those previously given by other routes. It is possible that the use of larger 
doses might have revealed activity in some of the substances which appeared 
inactive, but in the present work the primary object was to select substances with 
easily demonstrable initiating action. The detection of minor degrees of activity 
has been deferred. 

The histological appearances of skin after treatment with the various substances 
were of considerable interest. AAF produced no detectable abnormality and 
BY only a very slight epidermal hyperplasia, after 2 weekly applications. NM 
and R48, however, produced after 3 and 10 days a type of epidermal hyperplasia 
(Fig. 2, 3, 4, and 5) chiefly characterised by gross irregularity in size and arrange- 
ment of cells, which, as Pullinger (1940) has shown, is typical of the effects of 
carcinogenic as opposed to non-carcinogenic irritants. For comparison a section 
of mouse skin 3 days after a single application of 0-15 per cent DMBA in acetone is 
shown (Fig. 8). Even after 18 weekly applications of urethane both naked-eye 
and microscopic appearances of the skin were normal (Fig. 6). Thus we have 
the apparently anomalous result that two substances, in doses which produced 
reactions in the skin typical of the early effects of carcinogens, were inactive (or, 
in one case, perhaps slightly active) as initiators, while another substance which 
gave no detectable skin reaction was an effective initiator. 

The mice treated with urethane and croton oil have been under observation 
for 7 months. So far the tumours which have arisen on the treated skin are all 
benign in appearance. Only benign tumours are produced by a small dose of a 
carcinogen followed by croton oil during the first 6 months or more (Shubik, 1950). 
As mentioned above, experiments recently completed in this laboratory show 
that in mouse skin given the latter type of treatment malignant tumours appear 
at a later date, many of them without obvious relation to pre-existing benign 
tumours. It is quite possible that malignant tumours will still appear in the mice 
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treated with urethane and croton oil, which are still under observation.* There 
is as yet no evidence to distinguish urethane and DMBA with respect to the power 
of initiating the development of malignant tumours. 


SUMMARY. 


1. The effects on the dorsal skin of mice of various doses of 2-acetylamino- 
fluorene (AAF) , p-dimethylaminoazobenzene (butter yellow, BY), ethyl carbamate 
(urethane), methyl bis (f-chloroethyl) amine hydrochloride (nitrogen mustard, 
NM), and NN-di-(2-chloroethyl)-f-naphthylamine (R48), followed by weekly 
applications of 0-5 per cent croton oil in acetone, were studied. 

2. Tumour incidence in the urethane group was significantly greater than in 
control groups treated with croton oil alone. A few tumours which appeared in 
the AAF, BY, and R48 groups were probably due to croton oil. NM gave an 
intermediate result of doubtful significance. 

3. In a second experiment the effect on mouse skin of urethane, (a) alone, 
(6) following treatment with a carcinogen, and (c) followed or accompanied by 
treatment with croton oil were studied. 

4. Weekly doses of 120 mg. urethane followed by 18 weekly applications of 
croton oil produced large numbers of tumours. . 

5. Alternate applications of 60 mg. urethane and 0-5 per cent croton oil at 
3—4 days’ intervals had a similar effect. 

6. Urethane alone, either as 2 weekly applications of 120 mg. or as 18 weekly 
applications of 60 mg., produced no tumours. 

7. 18 weekly applications of 60 mg. urethane following an initial application 
of 0-3 mg. 9 : 10-dimethyl -1: 2-benzanthracene (DMBA) produced no tumours. 

8. Urethane produced no recognisable histological changes in mouse skin, 
even after prolonged application. 

9. Tumours produced by urethane in conjunction with croton oil had the 
appearance of benign papillomata. It is pointed out that, by analogy with the 
effect of DMBA followed by croton oil, malignant tumours are not to be expected 
till a later date.* 

10. The relation between the effective initiating doses of DMBA and urethane 
respectively is discussed. 

11. It is concluded that urethane is an initiator of carcinogenesis, but not a 
carcinogen or a co-carcinogen, for mouse skin. 


Addendum.—After this work was completed our attention was drawn to a 
recent report by Graafi, Vlamynch, Hoffman and Schulz (1953). The authors 
have tested the effects on mouse skin of various substances applied alternately 
with croton oil for periods up to 12 months. 1 : 2-Benzanthracene, and urethane, 
applied in this way, produced a significantly greater number of tumours than 
croton oil alone. They were much fewer in number, and occurred a good deal 
later, than those in our urethane groups, reaching a maximum of 18 in 9 surviv- 
ing mice in the 1 : 2-benzanthracene group and 12 in 19 surviving mice in the 


* A mouse of Group 13, which had received alternate urethane and croton oil applications for 
18 weeks, developed a malignant tumour about the middle of the treated area, 8 weeks after the end 
of treatment. Microscopically, this was seen to be a squamous epithelioma penetrating the panniculus 
carnosus, and there was a metastasis in the left axillary gland. 
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urethane group at 12 months. One malignant tumour occurred in their urethane 
group 6 months after the end of treatment. Pyrene, phenanthrene, acenaph- 
thene, fluorene, aminofluorene, acetylaminofluorene, butter yellow, 3’ methyl 
butter yellow, and camphor, produced either no tumours, or so few that they 
might have been due to the croton oil. 

With respect to the substances also tested by us (urethane, acetylamino- 
fluorene, and butter yellow) our results confirm theirs. 


We are indebted to Miss E. Firth, B.Sc., for skilled technical assistance. 
The expenses of this research were partly defrayed out of a Block Grant from 
the British Empire Cancer Campaign. 
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A NUMBER of different and apparently unrelated treatments, not themselves 
carcinogenic, have been shown to increase the incidence of epidermal tumours in 
skin painted with chemical carcinogens. This action, which has been called 
co-carcinogenic, has been studied by many investigators. Reports up to 1944 
have been reviewed by Berenblum (1944). Later work has been mainly con- 
cerned with the properties of croton oil, the most powerful known co-carcinogen for 
mouse skin (e.g., Berenblum and Shubik, 1947a, 1947b, 1949a, 19495; Salaman 
and Gwynn, 1951; Salaman, 1952). Shubik (1950) tested several other sub- 
stances, but found none with detectable action. In the present work chemical 


agents belonging to several classes have been tested for co-carcinogenic power 
by a technique previously used (Salaman and Gwynn, 1951) and briefly described 
below. 


Group 1: Substances which react with SH groups. 


Many skin irritants, lachrymators, and vesicants belong to this class (Dixon 
and Needham, 1946). The following were selected for trial : 
Iodoacetic acid. 
Iodoacetamide (prepared by Dr. D. H. Adams of this Department). 
Chloroacetophenone (kindly supplied by Dr. M. Dixon of the Department 
of Biochemistry, Cambridge). 

Preliminary tests showed that these all produced epidermal hyperplasia 
when applied to mouse skin as solutions in acetone. 

Acetic acid was included in this group, though not irritant in comparable 
concentration, to control the possible effect of the acid reaction of iodoacetic 
acid. 

Berenblum (1935) found that iodoacetic acid, though strongly irritant, was 
not carcinogenic when applied alone to mouse skin, nor did it modify tumour 
production when applied alternately with tar. Visser and Ten Seldam (1938) 
reported similar results with chloroacetophenone. 


Group 2: Quinones. 

1:4 Naphthoquinone was shown to be a weak carcinogen when applied in 
benzene solution to the skin of mice, and benzoquinone had a similar action 
(Takizawa, 1940). Klein and Rusch (1944) showed that repeated application 
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of the former compound to the skin of mice increased tumour incidence following 
twice-weekly applications of 0-3 per cent methylcholanthrene in benzene for 
16 weeks 

These and a number of other quinones, and their substituted derivatives, 
were first tested for hyperplastic action on mouse epidermis (Table I). Four 
selected members of the group, two hyperplastic and two non-hyperplastic, 
were then tested for co-carcinogenic action. 


TABLE I. 


Epidermal 
Substance. hyperplasia. 
m/30 5 Hydroxy-1:4 naphthoquinone . Strong. 
m/30 2 Hydroxy-1:4 naphthoquinone . None. 
m/30Aceto-menaphthone . Very slight. 
m/30 2-Methyl 1:4 naphthoquinone- 4-carboxymethoxime 
m/30 4 Amino I-naphthol . None. 
Saturated solution (ca. m/200) anthroquinone ‘ ‘ ‘ sis 
Saturated solution ( ) phenanthroquinone 
Saturated solution ( ) benzanthrone . Very slight. 


m/30 2 Methyl-1:4 naphthoquinone Strong. 


Acetone (A.R.) was the solvent throughout. 


Group 3: Hormones. 

Testosterone has been shown to delay carcinogenesis by chemical carcinogens 
applied to the skin or injected subcutaneously. (Flaks and Ber, 1938a, 1938), 
1939; Flaks, 1948). Oestrone has been shown to increase the mitotic rate in 
epidermis (Bullough, 1950). Ocestradiol was tested for co-carcinogenic action. 


Group 4: Miscellaneous group of irritants, vesicants, and purgatives. 

The following were also tested as co-carcinogens : 

Turpentine, an irritant for mouse skin (Berenblum, 1935, Gliicksmann, 1945) 
was shown to be co-carcinogenic for rabbit skin (Rous and Kidd, 1941), but not 
for mouse skin (Shubik, 1950). 

Cantharidin, though strongly irritant for mouse skin, reduced the yield of 
tumours when applied alternately with tar (Berenblum, 1935). 

Mustard oil, an irritant and vesicant for human skin, was found by Visser 
and Ten Seldam (1938) to be non-carcinogenic, and without effect on tar carcino- 
genesis, in mouse skin. 

Scarlet R was selected from a number of substances which have been shown 
to produce epithelial hyperplasia when injected subcutaneously (for review see 
Borst, 1924). 

Oleic acid was shown by Shubik (1950) to cause slight hyperplasia of mouse 
skin, but to have no co-carcinogenic action when applied after a single dose of a 
carcinogen. Twort and Twort (1939), however, showed that it augmented 
carcinogenic action of a small dose of 3 : 4 benzpyrene. 

Podophyllin resin was selected from a number of strong purgatives because it 
was found to have a hyperplastic action on mouse skin. It also produces mitotic 
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abnormalities (King and Cauldwell, 1949) Berenblum (1951) found it non- 
carcinogenic when applied alone to mouse skin, and slightly anti-carcinogenic 
when applied alternately with benzpyrene. 

Other purgatives (jalap, colocynth, aloes, seammony, and guiacum) had no 
appreciable hyperplastic effect on mouse epidermis, and were not further tested. 


METHODS. 


Mice.—Stock albinos of the “‘S ” strain (Salaman and Gwynn, 1951) were used. 
They were fed on rat cubes made according to the Rowett Institute formula 
(Thomson, 1930), and water ad libitum. 

Primary treatment.—An initial application of 0-3 ml. of 0-1 or 0-15 per cent 
9: 10 dimethyl-1 : 2 benzanthracene (DMBA) in acetone was made to the whole 
back, after the hair had been clipped 

Interval.—Before further treatment a period varying between 21 and 39 days 
was allowed to elapse. The exact length of this interval, in view of Berenblum’s 
results with croton oil (Berenblum and Shubik, 19495), was not considered to be 
critical. 

Secondary treatment.—Substances to be tested for co-carcinogenic action were 
dissolved in acetone in concentrations found, in preliminary tests, to be the maxi- 
mum tolerated without severe crusting or ulceration. Weekly, or occasionally 
twice a week, 0-3 ml. amounts of these solutions were applied to the previously 
treated areas. 

In a few cases the concentration and frequency of these applications had to be 
varied during the course of the experiment, owing to the development of excessive 
crusting, as recorded below. Acetone (AR grade) was the solvent throughout, 
but in the case of Scarlet R, 10 per cent liquid paraffin, and in that of oestradiol, 
10 per cent arachis oil, was added. These treatments were continued for periods 
varying from 140 to 200 days. They are recorded in Table IT. 


TaBLE II.—Incidence of Skin Tumours in Treated Mice. 


Hyper- Tumour 


Primary 
treatment Inter- Secondary treatment. plasia bearing 
No.of (DMBA valin lam ofepi- mice/sur- No. of 
Group. mice. %). days. Substance. Duration. dermis. vivors. tumours. 
1 122.015 None ‘ . 2 

3 12 em. Acetone Twice weekly, . « « 1 

12 weeks, 

weekly, 

15 weeks 
4 13 0°15 21 Croton oil 0-5% As group 3 ++ 5/6 . 2 
5 16 0-1 39 8% 20 12/16 . 189 

weeks 
0-15 Iodoacetic acid M/20-mM/10 AsGroup3 . ++ . 8/10 54 
7 12 0-15 ma © Chloroacetophenone M/40—M/20 As Group 3 ++ . 9/12 20 
8 16 0-1 39 TIodoacetamide M/3)-M/15 As Group 5 4/16 4 
9 16 0-1 39. (tw Acetic acid M/10—-m/5 As Group 5 0 1/16 1 
0-15 Oestradiol 0-05% As Group 3 0 Of6 0 
0-15 Scarlet R, saturated solution AsGroup3 + - 2/10 3 
2. 13 .. 0-15 —lUrvwm Oleic acid, undiluted As Group 3 + - 2/10 2 
0-1 30 Turpentine 50% As Group 5 ++ . 2/15 2 
0-1 39. Cantharadin 0-01-0-05% As Group 5 - Of5 0 
=. & 0-1 30 «te Podophyllin 0-1-0-3% As Group 5 ++ . 1/14 1 
16 16 0-1 39. Mustard oil 3-0-4-5% AsGroup5 1/16 2 
17 19 0-15 21 1:4-naphthoquinone M/30 a - ++ . 3/18 3 
wee 

18 19 0-15 21. 1:2-naphthoquinone M/30 AsGroup17 . 0 - 1/18 1 
0-15 21 . 2methyl-1:4-naphthoquinone M/30 AsGroup17 . ++ . 6/17 6 
20. 19 . 0-15 Benzoqinone M/30 AsGroup17 . 0 0/13 0 
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Biopsies.—Pieces of skin, approximately 1 x 0-5 cm. in area, were removed 
under ether anaesthesia from the treated areas at intervals during the secondary 
treatments. Tissues were fixed in Zenkers fluid, and stained with haematoxylin 
and Eosin-Biebrich Scarlet [Eosin (water soluble) and Biebrich Scarlet each 
0-5 g., glycerol 10 ml., methanol 40 ml., distilled water 450 ml.] 

Tumour incidence—Tumours were recorded weekly, and a final count made 
3 days after the last treatment. They were observed visually for signs of malig- 
nancy, and sections were cut, after autopsy, in suspicious cases. 


RESULTS. 


In general, 5-10 days after the primary painting with the carcinogen most 
mice showed some degree of epilation. About a third developed a mild degree of 
scabbing, or firm raised ridges or lumps of thickened skin, ususally in the scapular 
region, 10 to 15 x 2 to 3 mm. in area; most of these were visible for only 2 to 
3 weeks, though a few gave rise to tumours later. By the time secondary treat- 
ment was started the hair had grown, and there were only a smal! number of 
persistent thickenings and scars visible. Very little further epilation or crusting 
occurred during the secondary treatments, except in the cases of iodoacetic acid, 
chloroacetophenone, cantharidin, and podophyllin. 


Tumour incidence. 

All tumours appeared to be benign papillomas macroscopically, of diameters 
ltol10mm. No evidence of malignancy was found in the few suspicious tumours 
examined microscopically. Subsequent observation in this laboratory has shown 
(unpublished results) that a much longer time must elapse before an appreciable 
number of malignant tumours are seen after a small dose of a carcinogen followed 
by repeated treatment with a co-carcinogen. 

A few tumours appeared in the control groups (1 and 2, no secondary treat- 
ment): 4 among 21 survivng mice; and only one tumour among 12 surviving 
mice in Group 3 (acetone as secondary treatment). 

In Groups 4 and 5 (croton oil as secondary treatment) there were 215 tumours 
on 17 surviving mice : many more were seen at an earlier date, but a number of 
mice bearing large numbers of tumours died before the end of the experiment. 

Among the remaining groups, only in 6 and 7 (iodoacetic acid and chloroaceto- 
phenone as secondary treatments, respectively), was the tumour incidence signi- 
ficantly greater than that in the control group. The 10 surviving mice of Group 
6 carried between them 54 tumours, while the 12 survivors of Group 7 carried 10 
tumours between them, at the end of the experiment. 

In Group 17 (1: 4 naphthoquinone), 19 (2 methyl 1 : 4 naphthoquinone), 8 
(iodoacetamide) and 11 (Scarlet R), the tumour incidence was slightly higher than 
that of the controls, but these results are not statistically significant. 

Details of these results are found in Table II, and the course of tumour appear- 
ance for Groups 1, 4, 6, 7, and 19, expressed as the mean number of tumours per 
surviving mouse plotted against time, in Fig. 1. 

By comparing these means at 15 and 22 weeks after the start of secondary 
treatments it was shown that tumour incidences in Groups 4, 6, and 7 are signi- 
ficantly higher than in Group | (controls,) and also different from each other, 
whereas the incidence in Group 19 is not significantly different from that of the 
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Figure 1. 


@ Group 1 (no secondary treatment). 
+ Group 4 (secondary treatment: croton oil). 


Group 6 ( : iodoacetic acid). 
A Group 7 ( st a : chloroacetophenone). 
x Group 19(__s,, : 2-methyl 1:4-naphthoquinone). 


All groups received one primary treatment with 9:10 dimethyl 1:2 benzanthracene 3 to 6 weeks 
before the beginning of secondary treatments. 


controls, though the figures suggest that such a difference might have been 
observed in a larger experiment. 


Histology. 

All those substances which were definitely co-carcinogenic caused marked 
epidermal hyperplasia, but hyperplasia was also caused by substances that were 
not co-carcinogenic. A measure of the hyperplasia was obtained by counting the 
total number of cells per 1 mm. length of epidermis, excluding hair follicles. 

In addition the percentage of “‘ resting cells”, i.e. basal cells proper (Gliicksman 
1945), in the epidermis of mice in 8 of the groups was determined by methods 
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previously described (Salaman and Gwynn, 1951). A single count was made on 
the epidermis of mice taken from the selected groups, at about the time that 
tumours were beginning to appear in the croton oil-treated animals (59-66 days 
after the start of secondary treatment). Of the groups selected three had been 
treated with substances that produced both epidermal hyperplasia and tumours 
(croton oil, iodoacetic acid, and chloroacetophenone), and four with substances 
that caused epidermal hyperplasia but no tumours (iodoacetamide, oleic acid, 
Scarlet R, and mustard oil). The last substance caused only a weak hyperplasia. 

The percentage of resting cells was significantly raised above that of the control 
group (1) in the chloroacetophenone and iodoacetic acid groups (6 and 7); as well 
as in the croton oil group (4) (as previously reported, Salaman and Gwynn, 1951), 
but not in any of the other groups. 

The total number of cells per mm. of epidermis was significantly higher than 
in the control in all the selected groups, except that treated with mustard oil, 
and highest in the croton oil group. Total and resting cell counts are given in 
Table ITT. 


DISCUSSION. 


Of the substances tested, iodoacetic acid and chloroacetophenone were found to 
possess marked co-carcinogenic power, though in the concentrations used this was 
inferior to that of croton oil. 2-Methyl-1 : 4 naphthoquinone slightly increased 
tumour incidence compared with controls; this result is suggestive but, under 
the conditions of this experiment, it cannot be shown to be statistically significant. 
The effects produced by iodoacetamide, | : 4 naphthoquinone, and Scarlet R were 
even less definite. The other substances were inactive. 


TaBLe III.—Differential Cell Counts in Treated Skin. 


Resting cells 

Days after as % ofall Total cells per 

Secondary secondary epidermal mm. length of 
Group. treatment. treatment. cells. epidermis. 
None 66 - 16-540-8 . 5-5 
Croton oil 66 . 84-240-8 . 355423-9 
. Todoacetic acid 66 - 23-640-7 . 258412-6 
7.  Chloroacetophenone . 66 22-540-6 . 282411-3 
. Iodoacetamide 59 - 16-040-°8 . 246419-2 
« Scarlet R 66 - 16-240-8 . 250416-7 
12. Oleic acid 66 17-640-8 . 2554 8-4 
16... Mustard oil 59 15-8+0-8 . 2024 5-8 


All groups received one primary treatment with 9:10 dimethyl 1:2 benzanthracene 3 to 6 weeks 
before the beginning of secondary treatments. 


From Table III it is evident that iodoacetic acid, chloroacetophenone, and 
croton oil (the co-carcinogenic substances) increase the percentage of resting cells 
in mouse epidermis previously treated with a carcinogen, while the non-co-carcino- 
genic substances tested do not. This suggests a connection between the two 
properties. The significance of such a connection is at present quite unknown. 

Epidermal hyperplasia, however, measured as the increase in total number of 
cells per mm. length of epidermis, is not significantly greater in the co-carcinogenic 
than in the non-co-carcinogenic groups. Hyperplasia may be a necessary, but 
is not a sufficient, condition for co-carcinogenic action. 
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It is evident too, that the purgative or vesicant properties of the agents tested 
are not associated with co-carcinogenicity. 

The occurence of two co-carcinogenic substances among the three —-SH 
reactors tested is interesting. It has been suggested that carcinogens themselves 
may react with -—SH groups (Crabtree, 1945, 1947; Calcutt, 1949). Crabtree 
(1940) found that a number of —SH reactors retarded tumour formation when 
applied alternatively with a carcinogenic hydrocarbon to mouse skin, but that 
one of them, chloracetone (Crabtree, 1941) slightly stimulated tumour formation 
when applied after a course of treatment with benzpyrene. The failure of iodo- 
acetamide to produce tumours may have been due to faulty penetration or rapid 
removal. It is clear that so little is known of the effective concentration at suscep- 
tible sites in a tissue of applied substances of varying physical properties that it is 
not profitable to attempt to correlate observed co-carcinogenic potency with 
other chemical activity. 


SUMMARY, 


1. A number of substances were tested for co-carcinogenic activity of the type 
shown by croton oil, namely the production of tumours when applied repeatedly 
to mouse skin after a single application of a carcinogenic hydrocarbon. They 
included substances which react with -—SH groups, various quinones, oestradiol, 
and a group of miscellaneous skin irritants and purgatives. 

2. Of these only two, iodoacetic acid and chloroacetophenone, both —SH 
reactors, gave rise to a significant tumour incidence. 

3. Both these co-carcinogenic substances produced epidermal hyperplasia, 
but several of the non-co-carcinogenic substances had a similar effect. 

4. Both iodoacetic acid and chloroacetophenone, when applied after the 
carcinogen as described, increased significantly the proportion of “‘ resting cells ”’ 
(Gliicksmann, 1945) in the epidermis, as croton oil had been shown to do (Salaman 
and Gwynn, 1951). None of the other substances tested had this property. 


Je are indebted to D. I. Connell, W. J. Milton and J. Rawlings for skilled 
technical assistance. 
The expenses of this research were partly defrayed out of a block grant from 
the British Empire Cancer Campaign. 
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EVIDENCE OF MILK FACTOR IN A STRAIN OF CBA MICE. 
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Since the discovery of the milk factor of mammary tumours in mice (Bittner, 
1936), it has often been supposed that inbred strains with low incidences of mam- 
mary tumours are free of milk factor and those with high incidences are infected 
with it. Subsequent reports of actual tests of tumour material or by cross-suck- 
ling and breeding experiments have shown that such assumptions are not always 
valid. In the case of CBA strains variable incidences have been recorded (Heston, 
1945) and not all the progeny of Bittner’s original fostering of Strain A sucklings 
on a CBA mother were tumour free (Bittner, 1937, 1939, 1952), though it was 
from one of these cross-suckled mice that the AX low cancer subline and strain 
were developed. At the request of Dr. P. R. Peacock, 2 mammary tumours 
from 2 CBA mice bred in these laboratories were tested for the presence of milk 
factor by injection of tumour extracts into susceptible young females, themselves 
free of agent. Twenty-one mammary tumours arose in 33 test mice, 11 from one 
and 10 from the other tumour extract. The mammary tumour incidence of 
breeding females of the strain from which the test mice were derived was less 
than 2 per cent. The high incidence of mammary carcinomata, 63 per cent, 
among the injected progeny of this strain, is therefore attributed to milk factor 
contained in the inoculated tumour extracts. 


METHODS. 
Test mice. 
RIIIb (Syn. RIII X, Pullinger, 1952) females less than 1 month old were used. 
Comparison of results was made with pure line females of the breeding stock of 
the same strain. 


Preparation and injection of extracts. 

Two mammary tumours which had arisen in 2 CBA breeders were weighed and 
ground in mortars with sterile distilled water to give 20 per cent suspensions. 
The fluids were decanted for further grinding into 2 glass homogenisers. The 
suspensions were then spun at 14,000 g. for 15 minutes in a Servall centrifuge. 
Seventeen young suckling mice were used for inoculation of each tumour extract. 
Volumes of 0-25 ml. of the supernatant fluids were injected intraperitoneally 
into the test mice. 

The young mice were replaced with the mothers until weaned. They were then 
mated with RIIIb males and divided over 4 breeding boxes. The females were 
left in the breeding boxes throughout the experiment to ensure rapid breeding. 
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All litters were removed at birth. The females were examined once a week for 
tumours. The experiment was ended when the remaining mice were 2 years old. 

When mammary tumours appeared they were observed until growth became 
progressive. The bearers were then killed and the tumours examined macroscopi- 
cally. Five tumours which were soft, haemorrhagic, cystic and contained milky 
fluid were classed as mammary carcinomata. Sections were cut of 17 others to 
verify the diagnosis microscopically. One of these proved to be a spindle celled 
sarcoma involving a right, first nipple area in a mouse 9} months old ; the other 
16 were mammary adenocarcinomata. 


RESULTS. 


The number of mice dying or killed with and without mammary tumours is 
given in Table I. Twenty-one mammary carcinomata developed in 33 test mice 
which lived to the age, 7 months, when the earliest of these tumours appeared. 


TABLE I.—T'umour Incidence in Injected RIIIb Test Mice. 


Mice killed with tumours Number of 
Mice killed or dead without tumours mice 
Number Age in months. alive 
of mice Total earliest 
injected. 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 tumours. appearance. 
0 01311182 1 20 1 
| | 17 
1 11100 0 0 a | 2 
2100 32 


No spontaneous mammary tumours occurred in 57 breeding females of the 
RIIIb colony born in the same half year, and living for 1 to 2 years. 


SUMMARY. 


Ten and 11 mammary carcinomata arose respectively in 17 and 16 RIIIb 
test mice which had been injected as sucklings with extracts of 2 spontaneous 
mammary tumours derived from 2 CBA mice. 

Among 57 breeders of the RIIIb colony born in the same half year, which 
lived for 1 to 2 years, no mammary tumours arose. The incidence was previously 


found to be less than 2 per cent. 
It is concluded that the mammary carcinomata which arose in the susceptible 
test mice in the course of breeding were due to the presence of milk factor in the 


injected CBA tumour extracts. 
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Ir has been noted in the past by various workers that the amount of infective 
virus obtainable from extracts of Rous No. 1 sarcomata varies from 0 to approxi- 
mately 107 infective doses per gramme of tissue and is dependent on such factors 
as the rate of growth of the tumour, the age of the host bearing the tumour, and 
the age of the tumour itself (Carr, 1943, 1953; Duran-Reynals and Freire, 1953). 
Provided that the extracts are made from tumours of approximately the same 
age, the influence of antibody on virus yield can be kept within fairly constant 
limits and the effect of rate of growth and host age can be studied. So far, there 
have been no reports in the literature of a correlation between the actual quantities 
of virus material present in tumour extracts and the infectivity of such extracts. 
The experiments to be described were therefore designed to investigate any pos- 
sible relationship between these two factors. 


MATERIALS AND METHODS. 


Chickens from Dr. Greenwood’s Edinburgh flock provided the animal material 
used throughout this work. 


Virus and particulate preparations. 

The Rous No. 1 sarcoma virus and the particulate fraction of the cytoplasm 
corresponding to the virus in size and general chemical properties were isolated 
by the fractional centrifugation method of Carr and Harris (1951), a diagram of 
which is shown in Fig. 1. The tissues were first homogenized in an M.S.E. Atomix 
homogenizer, or ground with sand, or macerated in small glass macerators and the 
cells lysed in ten volumes of distilled water. In the case of the tumour tissue, 
the procedure was standardized and only the small glass macerators were used. 
The Servall Angle centrifuge Type SS.1 employing lusteroid tubes was used for 
isolating the particulate fractions of the cytoplasm. After treatment with hyal- 
uronidase for half an hour to reduce the high viscosity, the extracts were clarified 
by centrifugation for 15 minutes at 3000 r.p.m. (1000 x g.). The supernatant 
(S,) containing virus and some coarser cytoplasmic constituents and aggregates 
was then centrifuged at 12,000 r.p.m. for 55 minutes (16,000 x g.). The pellets 
which resulted (D,) were taken up in the same number of ml. water as there were 
grams of original tissue and treated with crystalline trypsin in M/5 sodium phos- 
phate solution for 1 hour at 37° C. The resuspended pellet before treatment 
with trypsin is designated D,A. After incubation with trypsin the suspension is 
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called D,B. The suspension was clarified after enzyme treatment by centri- 
fuging at 3000 r.p.m. for 15 minutes and, finally, the supernatant (S,) was centri- 
fuged further at 12,000 r.p.m. for 55 minutes. The pellet obtained (D,) was 
taken up in a convenient known quantity of distilled water for protein estimation 
by the biuret method described below, or for nitrogen estimation by the micro- 
Kjeldah! method. 


Hyaluronidase treated 
10 per cent tumour homogenate 


1000 x g. | 15 minutes. 


(«) 


16,000 x g. 55 minutes. 


D,A = Resuspended deposit before trypsin 
treatment (w/v tumour tissue). 
D,B = Deposit after trypsin treatment 
1 hour at 37°C. 


1000 x g. | 15 minutes. 


“ purified ” virus concentrate. 
Fie. 1. 


Infectivity titrations. 


A small quantity of 8, was removed for this purpose. Serial tenfold dilutions 
were made in saline and inoculated into young chicks in 0-2 ml. amounts according 
to the method of Carr and Harris (1951). 


| 
t 
| 
16,000 x g. | 55 minutes. 
| | == rejected. 
| 8, | dD, 
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Biuret method for quantitative estimation of particles. 

The method was essentially that described by Stickland (1951) for the deter- 
mination of small quantities of bacteria, but with two modifications. Firstly, 
the single biuret reagent of Weichselbaum (1946) was used as being more conven- 
ient and accurate than separate additions of alkali and copper sulphate. This 
reagent keeps well and gives with protein a stable colour which is linear within 
the limits 0-004—0-140 g. protein per 100 ml. biuret complex. 

The second modification was necessary because of the high proportion of 
lipid associated with the particulates (about 50 per cent). This remains in suspen- 
sion after development of the colour and interferes with the absorption reading. 
After various methods were tried, it was found that the simplest means of remov- 
ing the lipoid material was to shake with ether, centrifuge and pipette off the 
fluffy layer of fatty material which came to the surface. A correction of 8 per 
cent must be added to the absorptiometer reading of solutions treated in this way 
due to the solubility of ether in water. The standardized procedure for deter- 
mining protein by the biuret method was therefore as follows: One ml. of the 
suspension in a suitable amount of water to keep the concentration of protein 
within the required limits, was added to a 1 x 7-5 cm. test tube. One ml. of the 
biuret reagent was then added and the contents of the tube mixed. Colour was 
developed by heating in a 31-32° C. water bath for 30 minutes. The solution 
was then cooled and if it showed turbidity, one ml. ether was added and the tube 
shaken vigorously for a minute. After centrifuging in an angle head for 30 min- 
utes at 2500 r.p.m., the lipid could be removed with a micro-pipette. The solu- 
tion was finally read in the Spekker absorptiometer using the 0-5 ml. micro cells 
and the yellow-green filter. A blank reading was obtained by mixing | ml. of 
the biuret reagent with 1 ml. distilled water. The amount of protein could then 
be estimated by referring to a standard curve of known amounts of protein, or, 
when it was required to know the total amount of particulate or virus material, 
this could be read directly from a standard curve made by measuring the absorp- 
tion of known amounts of dried particulate or virus material, In this way, a 
large number of determinations could be made quickly and easily with a reliability 
of about + 2 per cent. 


EXPERIMENTAL. 
(1) Application of the biuret reaction to the measurement of virus protein. 

Since the biuret reaction seemed to offer a convenient method for following 
the protein distribution of the various fractions during the isolation of the “‘ puri- 
fied ” virus concentrate, it was necessary to determine how much of the protein 
in the particles took part in the colour reaction. To do this, samples of pure 
virus or particulate protein were prepared by dissolving the defatted particles 
in a minimum amount of NaOH and precipitating the protein by the addition of 
on equal volume of 10 per cent trichloracetic acid. The precipitated protein was 
washed once with water and used for total nitrogen determinations by the micro- 
Kjeldahl method and for “ biuret ” protein determinations. The various pre- 
parations gave similar results and an average value for the Spekker absorptio- 
meter reading given by | mg. cell particulate protein was 0-167 compared with 
0-150 for fowl serum protein. It was found that the biuret colour intensity was 
linear for amounts of protein less than 3-0 mg. per 2-0 ml. of biuret complex. 
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When estimating quantities of whole particulates in the “ purified ” fractions, 
a linear colour relationship existed for amounts corresponding to 0-05 to 5-25 
mg. dry weight particulates per 2-0 ml. biuret complex. 

Next, various preparations of cell particulates from normal fowl! tissues and a 
non filterable fowl sarcoma (GRCH/16, Peacock and Peacock, 1953) and purified 
virus from Rous No. 1 sarcoma were subjected to (1) total nitrogen determina- 
tions by the micro-Kjeldahl method, (2) dry weight and (3) biuret protein deter- 
minations in order to estimate the ratio “ Directly estimated protein nitrogen ”’ : 
“ Total nitrogen ”’ (Table I). 


TaBLeE I.—Dry Weight, Total Nitrogen and Biuret Protein of Cell Particu- 
lates Deposited from Normal and Malignant Fowl Tissues by Centri- 
fuging at 12,000 r.p.m. for 55 minutes. 


Biuret 
Dry wt. Total N protein Total N Protein Protein N 
mg./g. mg. /g. mg. /g. Dry wt. Dry wt. Total N 
Source. wet tissue. wet tissue. wet tissue. (%). %). %). 
Rous No.1 Sarcoma . 0°43 . 0-037 . 0-198. 8-6 46 85 
GRCH/16 410 . O-340 . 1-68 ‘ 8-3 41 79 
Liver 23-40 . 2-32 11-20 9-9 48 77 
Spleen - &10 . 0-414 . 1-99 ‘ 8-1 39 78 
Brain 2-904 . O-241 . 1°15 8-2 39 76 
8-6 


* Not referred back to original weight of tissue used. Figures indicate mg./ml. suspension. 


The values of Total N : Dry weight give an average value of 8-6 per cent which 
agrees with the findings of other workers (Claude, 1938; Shemin and Sproule, 1942). 
The value of 79 per cent for the ratio protein N: Total N seems reasonable. It 
is not known exactly how much of the nitrogen in these particles can be attri- 
buted to protein since the amounts of nucleic acid are not accurately known. 
Claude (1939) estimated that 10-15 per cent of the protein fraction of Rous sarcoma 
virus (5-8 per cent of the total virus material) was nucleic acid using u.v. absorp- 
tion methods, whereas Shemin and Sproule (1942), basing their estimation on 
purine nitrogen values, gave approximately 1-5 per cent of total virus material as 
nucleic acid. By using these values for nucleic acid and assuming lipid to be 
50 per cent of the total material (with a nitrogen content of 1-6 per cent) it can be 
easily calculated that the protein nitrogen constitutes between 76 per cent and 
87 per cent of the total N. The value of 79 per cent found in the foregoing experi- 
ments lies between the calculated figures and it thus seems that most, if not all 
the particulate and virus protein enters into the biuret reaction. 


(2) Protein distribution during virus purification procedure. 

The biuret method was used, therefore, to follow the protein distribution 
during the purification of the Rous sarcoma virus. At the same time, the virus 
activity of each fraction was determined by titration in day old chicks. In one 
experiment 26-5 g. of fresh tumour tissue were processed according to the diagram 
shown in Fig. 1 and the results of the experiment are given in Table II. 

All the fractions were tested for activity except D,B (second deposit after 
trypsin digestion). There is usually some aggregated material present in this 
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TaBLE II.—Protein Distribution at each each Stage of the Extraction of 
26-5g. Rous Sarcoma Tissue. 


Mg. necessary 


protein in Protein as for tumour Mg. Mg. protein 
26-5 g. % total production protein required for 
Fraction. tumour. protein. x 0-2 c.c. in 0-2 c.c. infection. 
430 94 10-4 +33 3-3 x 10-5 
DA . 38 8-3 10-5 3-8 x 10-8 
D,B (trypsin) 33 7-2 
8, 26 5-6 10-5 -20 . 2-0x10-* 
D, 4-2 “91 10-2 -13 
S, 14-6 3-2 10-8 ‘ll 1-1x10-* 
6-3 1-4 10-5 2-0 


fraction which does not form a stable suspension and any attempt to titrate it 
gives rise to unreliable results. The figures in Column | of Table II are direct 
measurements of protein and some discrepancies in the amounts at each stage 
are unavoidable but the final column shows that the virus concentrate, D,, pro- 
vides the maximum infectivity with the least amount of protein. 2-0 x 10-7 
g. compares favourably with the results of other workers. Treatment with the 
enzyme trypsin has removed 19-6 mg. “ biuret” protein from 38 mg. in D,A 
(52 per cent) which is close to the value of 60 per cent found by Carr and Harris 
(1951). It is also apparent that the final virus concentrate (D,) contains approxi- 
mately 1-4 per cent of the protein in the original extract yet retains most of the 
infectivity. This, again, agrees closely with results using nitrogen estimations. 


(3) Effect of trypsin treatment on the microscopic appearance of extracts of Rous 
No. 1 sarcoma. 

Samples of the partially purified extracts at Stages D,A, D,B and 8, (Fig. 1) 
were examined in the dark field microscope in order to ensure that the “ purified ” 
virus concentrate was free from non particulate material. The examination 
showed that D,A (resuspended deposit from first high speed run) consisted of 
fairly coarse aggregates, some filaments and large spheres and many smaller 
particulates. D,B (same after trypsin treatment) contained a larger proportion 
of small particulates and few filaments or large spheres. 8S, (after clarification 
at 3000 r.p.m.) showed a homogenous suspension of fine particulates with very 
few of the larger bodies present. 


(4) Virus particle estimation and infectivity titrations for Rous No. 1 sarcomata 
growing in hosts of various ages. 

The chickens were inoculated with a 10 per cent suspension of Rous sarcoma 
cells (0-5 ml.) in both pectoral muscles and the size of the tumours was determined 
by palpation. All extractions were made of tumours between 12 and 28 days of 
age and usually between 14 and 21 days. The + sign method for estimating 
size was used, + being just palpable, ++ covering one quarter of the breast, 
+-+-+ one half and + +-+-+ the entire breast. For convenience, only two groups 
have been used in the table of results, (Table III) slow growing tumours being 
considered as all those less than +-+-+- in size at the time of extraction. The 
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virus particle measurements and infectivity titrations were done by the methods 
described in the first part of the paper. 

The results include 35 extractions and cover a wide range of infectivity values. 
The final column in Tables III and IV (virus yields) represent the dry weight of 
whole virus particles (including the lipoid portion) as determined by the biuret 


Purified Virus Content and Infectivity Titres of Fast 
and Slow Growing Rous No. 1 Sarcomata from Hosts of Various Ages. 


Infectivity (M.I.D./g. wet tumour). “ Purified ” virus 
A content mg. /g. 


(days). Fast growing. Slow growing. wet tumour. 
22 10? -49 
28 — 10° 37 
51 10° +33 
56 10° -24 
57 10° +43 
57 10* +52 
58 10° -60 
65 168 
66 10° +28 
66 10* — -36 
70 10° *45 
72 -- 104 -70 
73 10° 
78 10° +27 
78 10° “31 

2 10° +28 
84 10° 
87 10° -36 
91 — 108 -56 

105 10° 
108 10° +38 
115 105 -52 


AA 


447 ‘ 105 — . 52 

454 10° -68 

Average . -46+-14 


* The extracts from these two birds were not diluted sufficiently to reach a true end point, but it 
was apparent from the latent period of the tumours appearing in the chicks treated with the 10-* 
dilution that at least a further 1/10 dilution would have produced a response. 

+ This bird developed a “ recurring tumour” (Carr, 1942) which appeared 150 days after the 
original inoculation in a chicken of the ‘“* Non-susceptible ” strain. 


TABLE [V.—Average Virus Concentrate Yields arranged in order of 
Increasing Virus Infectivity. 


* Purified ” 
M.I.D./g. No. of virus yield and 
tumour. observations. standard deviation. 
10° or less 7 -46+.-09 
l0#tand 20 -434+-16 


10° and over . > 8 é -41+-12 


Age of host a 
4 — “38 
143 ° -59 
161 10° ° -40 
161 105 -29 
213* >10* “34 
442 ° = -88 
446 104 = -44 
| 
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procedure. The recent experiment of Duran-Reynals and Freire (1953) in which 
tumours growing in old hosts exhibited a larger number of non-infective filtrates is 
borne out in this work by the fact that the only non-infective extracts encountered 
occurred in hosts over 140 days old (Table III). The data also include five pairs of 
chickens which can be compared as regards infectivity of slow and fast growing 
tumours of the same age. The members of each pair came from the same hatch 
and were inoculated at the same time with similar amounts of Rous cell sus- 
pensions. In every case the slow growing tumour contained less infective virus 
than the fast growing one although the average yields of virus material were 
almost identical, namely 0-43 mg./g. from fast growing and 0-46 mg./g. from slow 
growing tumours. The observations of Carr (1953) that slow growing tumours 
contain less infective virus than fast growing ones are, therefore, confirmed in this 
series. In Table IV, the results are arranged in groups of increasing infectivity. 
Analysis of variance showed that there was no significant difference between the 
* purified ” virus yields of any of the groups at the 5 per cent level or 10 per 
cent level although the infective capacity of the preparations ranged from 0 to 107 
minimum infective doses (M.I.D.) per g. of tumour tissue. 


DISCUSSION. 

The preliminary experiments show that it is possible to adapt the biuret 
reaction for proteins to the quantitative estimation of cytoplasmic particles and 
viruses provided the large proportion of fat associated with them is removed by 
shaking with ether or by some similar procedure. This technique should prove 
useful under a variety of conditions as it is fairly certain that all of the protein 
in the particles is involved in the reaction. The fact that the biuret method 
yields similar results to those obtained with the micro-Kjeldahl nitrogen proce- 
dure when applied to the distribution of protein during purification of Rous sar- 
coma virus shows that the method, though more quickly and easily done, yields 
reliable results. It is apparent from the figures in Tables III and IV that, within 
the limits of the experimental conditions, no very marked differences in the 
amounts of ‘‘ purified ” virus material could be detected despite the wide variation 
in infectivity. This is in agreement with the observations of Eckert et al (1952) 
on the virus particle content of the plasma of birds with erythromyeloblastic 
leukosis. These authors could find no correlation between the infectivity, num- 
ber of primitive cells, or the number of virus particles deposited by ultra centri- 
fugation and counted directly in the electron microscope. 

Such observations, of course, raise the question of the purity of the preparations 
used. In the present work, the method of virus purification is one which has 
been selected as giving the highest activity with the least expenditure of time so 
that virus will not be lost through oxidation and excessive handling. Since it 
has been shown that concentrated tumour extracts are almost completely agglu- 
tinated by fowl virus-neutralizing antibody (Amies, 1937) and that anti-fowl 
protein precipitins were only present in very low concentrations in the sera of 
rabbits sensitized to tumour virus particles (Amies and Carr, 1939) it seems reason- 
able to assume that the “ purified ’’ virus concentrates are related to Rous sarcoma 
tissue and foreign to fowl tissue. Such studies as these combined with the fact 
that the agent behaves as a single, homogeneous substance electrophoretically 
(Shemin and Sproule, 1942) seem to indicate that the large number of particles 
necessary for infoction is due to most of the material being composed of “inactive 
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virus” and bring the results for the Rous agent into line with other viruses. If 
the mass ofa Rous virus particle is taken as 3-2 x 10-'* g. (calculated fora sphere 
of radius 4-0 x 10-® cm. and a density of 1-3), then the extracts employed here 
contain approximately 1-4 x 10" particles per gram of tumour tissue. The most 
active tumour yielded 107 infective doses/g., therefore the number of particles re- 
quired to initiate a tumour response in this case was of the order of 100,000. Claude 
(1939) and Claude and Rothen (1942) using similar techniques were able to prepare 
an extract in which only about 2000 particles were necessary for infection, but 
such differences may be due to variation in the chicken strains. The work of 
Eckert et al. (1952), already mentioned, has shown that in erythromyeloblastic 
leukosis, the infectivity of the plasmas exhibited a range of at least five log,, 
increments, while the numbers of particles only varied from 0-1 x 10% to 7-2 x 
10° per ml. Bryan (1941) showed that for Shope papilloma virus, 9-4 x 107 
particles were necessary for a 50 per cent infectious unit. Both of these viruses 
show evidence of existence in a “ masked ” form, as does Rous No.1 agent. 

The production of large amounts of non-infective material is not confined to 
tumour viruses alone, and has been observed in other types, whether plant, animal 
or bacterial. Bawden and Pirie (1946) estimated that at least 10’ particles of 
tobacco mosiac virus were necessary to provide an infective dose and were able to 

‘separate their preparations into fractions with different infectivities. Gard and 
von Magnus (1946) showed that large doses of influenza virus cause the cells lining 
the allantoic cavity of eggs to produce non-infective agglutinin and Doermann 
(1951) demonstrated the multiplication of T, bacteriophages in a non-infective 
form by releasing them at various times during their growth cycle. These and 
many other observations lead to the conclusion that infectivity is one of the final 
properties with which a virus particle becomes endowed. The nature of the 
tumour virus growth cycle, which, after the initial infection, remains entirely 
intracellular, probably favours the very large production of non-infective material 
which has been observed in these experiments. 

It would appear then, that, any changes in the virus must be of quality rather 
than quantity, i.e., an alteration of the proportions of infective to non-infective 
virus. That the non-infective material is still capable of causing tumour growth 
is apparent from the many observations on ‘“ masked virus” which shows no 
infectivity but which later becomes capable of infecting when the tumour is trans- 
planted to new hosts. It is possible that the ratio, infective : non-infective virus 
may give rise to larger variations in infectivity than would be expected from 
simply a larger proportion of the infective phase, due to the phenomenon of inter- 
ference already noted in some animal and plant viruses and bacteriophages (Henle, 
1950 ; Luria and Delbruck, 1942 ; Kleczkowski and Kleczkowski, 1953,; Bawden 
and Kleczkowski, 1953), In the case of Rous No. | sarcoma the most important 
factors influencing the ratio of the two phases seems to be reflected in the rate of 
growth of the tumour and the age of the host. While it is true that the infec- 
tivity of Rous No. 1 sarcomata is inversely proportional to the age of the tumour 
itself, this effect is caused by an increase in circulating antibodies (Carr, 1943). 
The antibodies reduce the amount of infective virus by forming floccules with 
virus which are lost during the extraction procedure, and by neutralizing the 
virus remaining in suspension. When tumours 12 to 28 days of age are used, 
as in this work, the antibodies have little or no effect on the infectivity of the 
extracts. The reduced amounts of infective virus found in old hosts by Carr (1953) 
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while not so strikingly evident in this series of birds, would appear to be borne out 
by the fact that 10’ M.I.D./g. were only encountered once, in a very young host, 
and 10° M.I.D./g. were never observed in extracts from hosts over 100 days old. 
Old hosts did, however, produce a larger number of slow growing tumours showing 
little or no necrosis and haemorrhage and yielding less infective virus, and the 
only tumours yielding non-infective filtrates were found in hosts over 140 days 


old. 
SUMMARY 

1. The biuret reaction for proteins has been adapted for use in making esti- 
mates of the yields of cytoplasmic particles, with which virus activity is asso- 
ciated, from Rous No. | sarcomata. The method gives results comparable to 
those obtained with total nitrogen estimations and it is fairly certain that all the 
protein contained in the particles is involved in the reaction. 

2. Measurements of purified virus yields and virus infectivity of extracts of 
35 tumours of different growth rates in hosts of various ages show that although 
infectivity varies from 0 to 10’ minimum infective doses per g. of tumour, the 
virus yields remain fairly constant at 0-46 + 0-14 mg./g. (1-4 x 10" particles/g.). 
No significant differences appear when the extracts are divided into groups of 
low, medium and high infectivity. It is concluded that the differences in infec- 
tivity are probably due to qualitative alterations in the ratio, infective : non- 
infective virus, rather than a quantitative change. 

3. The observations support the recent finding of reduced infectivity in tumours 
of adult hosts and in slow growing tumours. The reduced occurrence of non- 
infective tumours in old hosts has also been confirmed. 


All expenses in connection with this work were borne by the British Empire 

Cancer Campaign. 

REFERENCES. 

Amigs, C. R.—(1937) J. Path. Bact., 44, 141. 

Idem anv Carr, J. G.—(1939) Ibid., 49, 497. 

BawbeEn, F. C., anp KiEeczkowsk1, A.—(1953) J. gen. Microbiol., 8, 145. 

Idem anv Pirie, N. W.—-(1946) Brit. J. exp. Path., 27, 81. 

Bryan, W. Ray—(1941) J. nat. Cancer Inst., 1, 607. 

Carr, J. G.—(1942) Brit. J. exp. Path., 23, 206.—(1943) Ibid., 24, 133.—(1953) ‘ Sym- 
posium on the Nature of Virus Multiplication.’ Oxford (Cambridge University 
Press), p. 284. 

Idem anv Harris, R. J. C.—(1951) Brit. J. Cancer, 5, 83. 

CLaupE, A.—(1938) Science, 87, 467.—(1939) Ibid., 90, 213. 

Idem and Rotuen, A.—(1942) J. exp. Med., 71, 639. 

Dorrman, A. H.—(1951) Fed. Proc., 10, 591. 

Duran-REYNALS, F., AND FREIRE, P. M.—(1953) Cancer Res., 13, 376. 

Ecxart, E. A., SHarp, D. G., BEarp, Dorotuy anp Brarp, J. W.—(1952) J. nat. 
Cancer Inst., 13, 533. 

Garp, S., AND von Maenus, P.—(1946) Ark. Kemi Min. Geol., 248, No. 8. 

HENLE, W.—(1950) J. Immunol., 64, 203. 

KLEczkKowskKI, J., AND KLEczKowsk1, A.—(1953) J. gen. Microbiol., 8, 135. 

Luru, 8. E., anp DELBRUCK, M.—(1942) Arch. Biochem., 1, 207. 

Peacock, P. R., AnD Peacock, ANDREE—(1953) Brit. J. Cancer, 7, 120. 

Suemrin, D., anp Sprou.e, E. E.—(1942) Cancer Res., 2, 514. 

StickLanD, L. H.—(1951) J. gen. Microbiol., 5, 698. 

WercusELBavum, T. E.—(1946) Amer. J. clin. Path. (Tech. Sec.), 16, 40. 


4 
~ 
4 
4 
4 
3 


SOME STUDIES ON LIVER CATALASE IN EMBRYONIC 
AND IMMATURE CHICKENS AND MICE. 


D. H. ADAMS. 


From the Cancer Research Department, 
The London Hospital Medical College, London, E..1. 


Received for publication, November 13, 1953. 


Tue work so far carried out on the liver catalase depressing action of tumours 
has been largely confined to rats and mice. Various attempts have been made to 
isolate the active agent resulting in semi-purified fractions active against liver 
catalase in vive (Nakahara and Fukuoka, 1949, 1950 ; Greenfield and Meister, 1951). 

The Rous sarcoma of fowls is of general interest because it can be transmitted 
by a filterable agent. It seemed worth while to study the liver catalase system in 
chickens, with particular reference to any effects which may result from the 
presence of a Rous tumour, or the injection of homogenised Rous tissue. (See 
Adams, 1950, 195la, 1951b for comparable work in mice.) If the chicken liver 
catalase system were found to be tumour-sensitive, it would be of immediate 
interest to see whether purified Rous virus carried the active agent. Some prelimi- 
nary studies are detailed in the present paper, but it is not yet possible to answer 
the last question. 


MATERIALS AND METHODS. 


Animals.—Brown leghorn chickens were obtained from the Poultry Research 
Centre, Edinburgh. The mice used were of a stock albino strain. 

Diets.—The normal diet for young chickens consisted of National baby-chick 
crumbs and water ab libitum. After about 4 weeks of age supplements of cabbage 
grain, wholemeal bread and grit were given. Day-old chicks were kept at a 
temperature of 90° F. falling slowly to normal animal-house temperature (75° F.) 
after about 14 days. 

A milk diet designed to induce copper and manganese deficiency, consisting 
basically of a milk-glucose mixture described by Adams (1953) was also fed to 
chickens. In addition the following substances were incorporated in this diet, 
so as to provide approximately the indicated additional quantities /chick /day. 
Thiamine (50 jg.), riboflavin (50 ~g.), pyridoxine (50 ~g.), biotin (2 ~g.), nicotinic 
acid (400 ~g.), calcium pantothenate (200 yg.), inositol (200 wg.), p-aminobenzoic 
acid (200 yg.), folic acid (25 wg.) , vitamin B,, (lug.), ascorbic acid (500 pg.), 
choline chloride (20 mg.), menaphthone (200 yg.), cod liver oil (20 ~g.), tocopherol 
acetate (300 ~g.). Ferrous sulphate was also added to provide 250 wg. Fe/chick/ 
day. Where necessary copper sulphate and manganese sulphate were added to 
provide 50 wg. Cu and 30 wg. Mn/chick/day. 

In the milk diet experiments the chickens were kept on heavily galvanised 
iron grids. No drinking water was provided. 
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Tumour.—Fresh and frozen-dried Rous sarcoma tissue, and purified Rous 
virus, were kindly provided by Dr. R. J. C. Harris (Chester Beatty Research 
Institute). 

Estimation of liver catalase—The method previously described (Adams, 1950, 
1952) was used. Catalase activities are expressed in arbitrary units/mg.N.., 

Hormones.—Testosterone (commercially supplied for implantation). 

Cortisone (17-hydroxy-11-dehydro-corticosterone) was kindly provided by 
Dr. C. J. O. R. Morris. These substances were injected subcutaneously daily in 
50 per cent ethanol-water solution. 


RESULTS. 


The development of liver catalase activities from the embryonic period onwards 
in the mouse and chicken are compared in Fig. 1 and 2. Catalase level in the 
embryonic mouse liver (Fig. 1) was low (20 units), and more than doubled by the 
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Fic. 1.—Development of liver catalase activity in the mouse from the embryo to the adult. 
In this and subsequent figures the points represent individual animal and the crosses the 


arithmetic means values of the groups. 
4 Young mice (up to 14 days), males and females mixed. No sex 


difference. 


fourth day after birth. The level then rose more slowly, reaching about 70 units 
by the 14th day. Up to this point there was no sex difference. In weanling 
mice (3 weeks of age) a sex difference was just present. Subsequently the male 
level rose much more steeply than the female, the former reaching 140 units and 
the latter 98 units at 5 weeks of age. Fig. 2 shows the corresponding data for 
chickens. Catalase level in the embryo liver was fairly constant at about 60 
units, but rose after hatching to nearly 100 units in the 1-2 day-old chick. A sharp 
fall in enzyme activity then occurred, to a level of about 40 units after a further 
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5 days. At this stage the livers which had been pale yellow in colour began to 
darken, reaching the normal adult colour about 14 days after hatching. No 
change in catalase activity occurred during this process, the level remaining 
constant up to 10 weeks of age. A rise in activity in both males and females 
then occurred, the level at 4 months approximating to the peak in the young 
chick. At 6 months the level was higher still, and a sex difference was becoming 
apparent. 

The first tumour experiments were carried out in day-old chicks, because of - 
their low body weight and high catalase activity. It was thought that injections 
of tumour material might significantly accelerate the fall in activity which had 
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Fic. 2.—Development of liver catalase activity in the chicken, from the embryo to 6 months 
of age. 
e——__—_———-@_ Chickens up to 10 weeks of age, males and females mixed. No sex 
difference. After 10 weeks cocks, Jf, and hens 92. 
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been shown to occur during the few days after hatching. Since a similar graph 
to Fig. 2 is obtained by plotting catalase activity after hatching against body 
weight instead of age, the groups of chicks used in the tumour experiments were 
separated into pairs of equal weight, one of each pair being injected with tumour. 
Each control bird was killed at the same time as its tumour-injected companion. 
Fig. 3 shows the result of repeated daily injections of frozen-dried Rous tumour, 
and purified Rous virus respectively, on the catalase level of young chicks. 

The daily dose of frozen-dried tumour was equivalent to 400 mg. of original 
tissue and the dose of purified virus to 700 mg. of original tissue. As may be 
seen from the figures there was no significant difference in the catalase levels 
between the treated birds and the controls. Frozen-dried Rous tumour was then 
injected into a group of day-old and a group of 6 weeks old birds. When the 
tumour had grown to a reasonable size (ca. 12 days after injection) the birds were 
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killed, and their catalase levels compared with non-injected controls. Table I 
shows that the tumour had little or no effect. Adult chickens became relatively 
resistant to the growth of the Rous sarcoma, and it seemed better to examine 
the effect of a large dose of tumour homogenate on catalase activity, rather 
than to attempt to graft the tumour. Accordingly a group of 6 months old hens 
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Fic. 3. (a)—Effect on chicken liver catalase activity of daily injections of frozen-dried Rous 
sarcoma tissue (indicated by ¢ ) in doses equivalent to 400 mg. of original tumour. Day old 
chicks were employed. 

O------ o Tumour injected. 
—__—_—_——-@ Controls (no tumour). 
(b).—A corresponding experiment using purified Rous sarcoma virus in doses equivalent 
to 700 mg. of original tumour /day. 
O------ o Virus injected. 
@ Controls (no virus). 


TaBLE I.—Effect of a Growing Rous Sarcoma on the Liver Catalase Level of 12 
day and 8 weeks old Chickens, and of the Injection of Tumour Homogenate on 
the Catalase Level of 6 months old Hens. 

Liver catalase levels in arbitrary units/mg.N. as arithmetic means + 
standard errors of means. 6-8 birds/group. 


Catalase levels at age. 


“12 days. 8 weeks. 6 months. 
414+ 3-2 60 + 4-9 ase 


Birds carrying Rous sarcoma ‘ 
Birds injected with Rous ware —_— _ 49 + 4-9 
Controls (non-injected) - 50 + 3-9 51 + 4-4 99 + 11-5 


(weight about 1-1} kg.) were each injected with 6 g. of homogenised fresh Rous 
tumour, and their catalase levels compared with non-injected controls after 48 
hours. As Table I shows a significant fall in catalase activity was observed, 
the level reaching that found in 1 to 10 weeks old birds. It thus appears that 
catalase sensitivity towards tumour is not present until the adult rise in enzyme 
level occurs. Any extensive work with adult birds was, however, ruled out for 
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the present by the quantities of tumour material which would be required and 
the difficulty of housing a sufficient number of birds. 

The rise in catalase level and the tumour sensitivity of the system in the adult 
bird suggested that a hormone mechanism might be active, and that the tumour 
tissue interfered with this, as it does in mice (Adams, 1951b, 1952). It therefore 
seemed possible that young birds might be used if their catalase level could be 
artificially raised by treatment with testosterone or cortisone. Three weeks old 
birds were injected daily with 300 yg. of testosterone, the dose being increased to 
500 yg. per day after 3 weeks. Another group was injected daily with 200 yg. of 
cortisone. A marked influence of testosterone on comb development was seen, 
especially in the hens. However, no rise in catalase activity was produced by 
either hormone, and in fact the level in cortisone treated birds was significantly 
lower than in the controls. These results are given in Table II. 


TaBie Il.—Effect of Daily Hormone Injections on Chicken Liver Catalase 
Activity. 


(Birds 3 weeks of age at commencement . Dosages : Testosterone 300 
rising to 600 “g./day after 5 weeks. Cortisone 200 sg. /day. 
Catalase level in arbitrary units/mg.N. as arithmetic means + standard 
errors of means. 6/10 birds per group.) 


Liver catalase levels after various periods of daily injection. 


0. 4 days. 1 week. 3weeks. 4 weeks. 4 weeks. 6weeks. 7 weeks. 


Controls (no 

injection). . 5145-2 — 4343-6 — 5743-7 
Testosterone 

injected . 30+1-3 2741-2 4046-1 5348-0 4042-3 3741-5 5143-6 
Cortisone 

injected. 4143-2 2842-4 3242-6 3141-2 


Effects of trace metal deficiency 

It has been recently shown that feeding female mice with a diet deficient in 
copper and manganese resulted in a raised liver catalase activity. The livers 
of the deficient mice were also extremely pale in colour, and restoration of both 
normal colour and catalse level resulted from the addition of copper and man- 
ganese to their diet (Adams, 1953). The pale livers found in newly hatched 
chicks were similar in appearance to those seen in copper and manganese deficient 
mice, and it seemed possible that the raised catalase level in young chicks might 
be due to a deficiency of copper and/or manganese. To investigate this a group 
of day-old chicks was placed on the milk diet already described, and a second group 
on the diet supplemented with copper and manganese. As nearly as possible 
equal quantities of diet were given to both groups. Steady growth was obtained 
which was more rapid in the group receiving the copper and manganese supplement. 
After 4 weeks on the diet the average body weight of this group was about 90 g. 
compared with 30 g. for a day-old chick. The average body weight of the trace 
metal-deficient birds was 66 g. Fig. 4 shows the effect of these diets on catalase 
activity. The fall in enzyme level which normally occurs in the first few days 
after hatching was seen in both groups. Evidently, therefore, dietary copper 
and manganese are not essential for this change in activity. Liver copper analyses 
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on day-old chicks and chicks after 6 days on the milk diets were made in a 
separate group (Table III), and show that the copper content of the liver fell to 
a very low level in the trace metal-deficient group. It does not seem, therefore, 
that the initial high catalase level can be due to a deficiency of these metals. 
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Fic. 4.—Effect on liver catalase activity of keeping day-old chicks on a milk diet. 
Supplemented with iron. 


------ © Supplemented with iron, copper and manganese. 


However, after 4 weeks on the diets a significant rise in catalase activity occurred 
in the copper and manganese deficient group. This resembles the results with 
mice (Adams, 1953). On both diets the normal darkening of the liver occurred 
at about the usual time. 


TaBLE III.—A Comparison of Liver Copper Content and Catalase Level in Chickens 
kept on a Milk Diet, and on a Milk Diet Supplemented with Copper and 
Manganese. 

(Copper analyses were done on pooled livers. Catalase activities were 
estimated on the individual livers and are given in arbitrary units/mg.N. 
as arithmetic means + standard errors of means.) 


Copper Catalase 
Age. Diet. content activities. 
/g-) 


1 day old . 4-8 101+ 6-2 
6 day old . Milk 0-55 46 + 1-8 
6 day old . . . Milk + copper . 6-0 ‘ 5644+ 1-5 


+ manganese 


The term “ milk ”’ refers to the milk-glucose mixture supplemented with iron and accessory 
food factors as already described. 


DISCUSSION. 


There appears to be one important difference between the mouse and chicken 
liver catalase systems. The high catalase level in the newly hatched chick and 
the subsequent sharp fall in the first few days after hatching have no parallel 
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in the mouse. Apart from this initial difference the development of liver catalase 
activity was similar in both species. The enzyme level rose in young adult 
chickens, just as in mice, a sex difference being observed in 6 months old birds. 
Serfaty (1946) has reported a sex difference in chicken erythrocyte catalase activity. 

The high catalase level in the young chick does not appear to be due to copper 
and manganese deficiency. These metals were not required in the diet to produce 
the fall in enzyme activity occurring in the first few days after hatching, or the 
change in liver colour from yellow to dark brown which began about the 7th day. 

Analyses of pooled livers from day-old and 6 day old chicks confirmed that 
the trace metal-deficient diet had depleted the livers of copper at any rate. 

However, after 4 weeks on the diet catalase level rose to approximately that 
observed in newly hatched chicks. This resembled the change in activity in 
female mice kept on a similar diet (Adams, 1953). 

In view of what is known about the control of catalase activity in the mouse 
(Adams, 1952) it seems reasonable to assume that the rise in catalase level in the 
livers of 10 weeks to 6 month old birds is due to a hormone mechanism. The 
sex difference suggests that testosterone may be exerting an effect. However, 
the injection of testosterone into young birds produced no rise in catalase activity. 
This does not rule out a hormone mechanism in the adult ; it may be that the 
livers of younger birds are not sufficiently developed to react to hormonal stimula- 
tion. Perhaps it is significant that the only evidence of sensitivity of the chicken 
catalase system to the Rous sarcoma was obtained in adult birds. In mice tumour 
tissue appears to block hormonal mechanisms which normally maintain catalase 
activity at a high level. However, since working with adult birds presents the 
difficulties already mentioned, probably the best way to continue this investigation 
would be to use liver slices. If the hormonal and tumour effects could be demon- 
strated in vitro, further progress would be greatly simplified. 


SUMMARY. 


1. Liver catalase activity in the developing chick rises to a peak shortly 
after hatching, declining to less than half the maximum in the next few days. No 
further change in level occurs until after the 10th week, when there is a marked 
rise which continues up to 6 months, the longest period studied. A sex difference 
in catalase activity appears to be developing at this time. 

2. In the developing mouse, catalase level is low in the embryo liver, and rises 
steadily, reaching adult levels at about 5 weeks of age. At this stage there is a 
marked sex difference in activity. 

3. Growing Rous tumour, or injections of Rous tumour tissue, or purified 
virus has no influence on chicken catalase level in young birds. A large dose of 
homogenised fresh Rous tumour significantly reduced the catalase activity in 
adult birds 48 hours after injection. 

4. Injection of cortisone or testosterone into 3 week old birds produces no 
rise in catalase activity. 

5. The high catalase level in the liver of the newly hatched chick does not 
appear to be due to a deficiency of copper and manganese. 

6. A rise in catalase level results when day-old chicks are kept for 4 weeks on 
a milk diet deficient in copper and manganese. 
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A NUMBER of papers have recently been published dealing with the inhibition 
of catalase activity in vitro (Ogura, Tonomura, Hino and Tamiga, 1950a, 1950b ; 
Boyland and Gallico, 1952). So far, however, little attention appears to have 
been paid to the action of chemical substances on liver or blood catalase activity 
in vivo. Nakahara and Fukuoka (1944) measured the catalase activity of rat 
liver during butter yellow feeding, and found a steady fall in enzyme level which 
continued into the stage of hepatoma formation. However, these authors 
point out that associated cirrhotic changes in the liver could have accounted for 
the decrease in catalase activity. Cudkowicz (1952) examined the effect on rat 
liver catalase of the injection of aqueous suspensions and solutions in 5 per cent 
caffeine of the carcinogens 20-methylcholanthrene, 3:4-benzpyrene and 9:10- 
dimethylbenzanthracene, and of the non-carcinogens perylene, pyrene and 
anthracene. Aqueous suspensions of all these compounds were inactive against 
catalase both in vivo and in vitro. Methylcholanthrene and benzpyrene in 
caffeine solution showed some inhibitory effect in vitro, and dimethylbenzanthra- 
cene in caffeine solution produced some fall in catalase activity in vivo. 

In view of the now well-established activity of a tumour constituent against 
liver catalase activity in vivo, it seemed of interest to investigate further the 
effect of pure chemical substances under the same conditions, with particular 
reference to those known to be carcinogenic. The results of such a study are 
given in the present paper. Liver sections have been examined microscopically 
in parallel with the enzyme determinations to control against the possibility 
that any effects on catalase level might be due to tissue damage. A number of 
substances were also applied to the skin, and sections of the treated areas examined. 
This was done to see whether tissue reactions (e.g., hyperplasia) at the site of 
administration might be connected with changes in the liver enzyme level. Skin 
application of substances dissolved in acetone has the further advantage that 
the solvent is rapidly lost by evaporation. 

It has been shown that the catalase activity of blood is much less sensitive 
than that of liver to the presence of a growing tumour (Greenstein, Andervont 
and Thompson, 1942). In view of this a few parallel estimations of the blood 
enzyme level have been made. 


MATERIALS AND METHODS. 

Animals.—Young adult mice of a stock albino strain were used. The diet 
of the animals consisted of rat cubes (Rowett Institute formula, Thomson, 1930) 
and water ad libitum. 
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Estimation of catalase activity—Liver: as previously described. Enzyme 
levels are expressed as arbitrary units/mg.N (Adams, 1950, 1952). 

Blood : Fifty cu.mm. of blood was taken from the neck after decapitation 
and pipetted into 2-4 ml. of ice-cold glass-distilled water. Of this dilution 0-4 ml. 
was used in the same way as liver homogenate. The results are expressed in 
arbitrary units per unit volume of blood. Thus the arbitrary units for blood 
are not the same as those for liver. 

Chemical substances.—Aniline, diphenylamine, a-naphthylamine, ethyl 
carbamate (urethane), methyl bis (f-chloroethyl) amine (a nitrogen mustard), 
iodoacetic acid, 2-methyl-1 : 4-naphthoquinone, azobenzene, m-azotoluene, 4’- 
amino-2 : 3’-dimethyl-azobenzene, 4-dimethylaminoazobenzene (butter yellow), 
3: 4-benzpyrene, 20-methylcholanthrene, 2-acetylaminofluorene, 9 : 10-dimethyl- 
1 : 2-benzanthracene, carbon tetrachloride, hydroxylamine hydrochloride (purest 
obtainable commercial samples), 2-amino-5-azotoluene, /-naphthylamine. 
3’Methyl 4-dimethylaminoazobenzene (methyl butter yellow) (kindly provided 
by Dr. A. C. Griffin). 

These substances were given to the mice as follows : 

(1) By the subcutaneous injection of a solution made according to the following 
recipe : 

The substance was added to a mixture of 4 g. “ Tween 80” and 0-6 g. 
ethylene glycol monoethyl ether, the mixture warmed if necessary, and shaken 
until homogeneous. Sterile Ringer solution was then added to make a final 
volume of 20 ml. In the case of hydroxylamine hydrochloride the solution was 
neutralised with sodium carbonate. Carbon tetrachloride was diluted with 
absolute alcohol to give a measurable volume (0-03—0-1 ml.). 

(2) By applying 0-3 ml. of a solution in acetone to the skin of the back after 
clipping the hair. The amounts of substances used by both routes are given in 
millimoles (mM.)/mouse. 

Histological methods.—Skin: Zenker fixation followed by staining with 
haematoxylin and a mixture of eosin and Biebrich Scarlet. Liver: A variety 
of fixatives were used (Zenker, formol saline, formol alcohol and alcoholic. Bouin) 
and followed by staining as for skin. 


RESULTS. 


Three types of substances will be described, which fall into the following 
categories : 

(1) Those which affect catalase activity without causing liver damage. 

(2) Those which affect catalase activity and also cause liver damage. 

(3) Those which are inactive in both respects. 


Methyl] butter yellow, carbon tetrachloride and azobenzene fell into categories 
(1), (2) and (3) respectively, and a detailed account of their action follows : 

Groups of mice were injected subcutaneously with 0-015 mM. of methyl 
butter yellow, 0-015 mM. of azobenzene, and 0-065 mM. of carbon tetrachloride 
respectively, and liver and blood catalase levels estimated at intervals. Control 
groups were injected with solvent only and killed after 48 hours. Liver sections 
were examined in parallel with the enzyme determinations. Fig. 1 shows that liver 
catalase activity fell 48 hours after methyl butter yellow injection, and returned 
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to normal after about 9 days. A similar result was obtained with carbon tetra- 
chloride (Fig. 2). However, while livers of mice injected with methyl butter 
yellow showed no histological abnormality (Fig. 5), carbon tetrachloride produced 
marked centrilobular liver necrosis (Fig. 6). A comparison of Figs. 2 and 6 
shows that the return of catalase activity to normal in mice treated with carbon 
tetrachloride closely paralleled the recovery of the damaged liver. Azobenzene 
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Fic. 1 (a).—Effect on male mouse liver catalase activity of a single injection of 0-015 mM. 
of methyl butter yellow. Controls (at 0 days) were injected with solvent only and killed 
after 2 days. In this and the next two figures the points represent individual mice and the 
crosses the arithmetic mean values of the groups. 


Fic. 1 (b).—Corresponding blood catalase levels. 


(Fig. 3) produced no significant alteration in liver catalase activity and no liver 
damage was apparent histologically. Blood catalase activity was little, if at all, 
affected with any of the three substances. There was, however, a slight late 
fall in activity in the carbon tetrachloride group. 

A number of other substances were injected subcutaneously, and the results 
appear in Table I. Blood catalase was not studied in this group. The lower 
dose of carbon tetrachloride shown in Table I was sufficient to cause only slight 
liver damage, and little effect on catalase activity was observed. Hydroxylamine 
was included as a known direct inhibitor of catalase. 
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Experiments by skin application. 

Table II gives the results of experiments in which a number of substances 
were applied in acetone solution to the skin of the back. The effect on catalase 
level of substances applied by this route seemed to be slower than when injected, 
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Fic. 2 (a).—Liver catalase activity in male mice following an injection of 0-065 mM. of carbon 
tetrachloride. Controls (at 0 days) were injected with solvent only and killed after 2 days. 


Fic. 2 (b).—Corresponding blood catalase levels. 


Taste I.—Liver Catalase Levels at intervals after the Subcutaneous Injection of 
Various Substances. 
Results are given in arbitrary units/mg.N as arithmetic means + standard errors 


of means. Each treated group contained eight animals, and each control group ten. 
Sections of liver were examined in parallel with catalase estimation. 


Dose 
(milli- Catalase levels, Liver 
moles — histo- 
Substance. per mouse). Controls. 1 day. 2 days. 4 days. 6 days. 8 days. 10 days. logy. 
Urethane ‘ . 0-025 127+4-6 124+7-7 13247°8 12547-3 Normal. 
Carbon tetrachloride . 0-02 110+46-7 12045-°8 110411-6 11246°3 _ . Slight damag: 


Methyl bis (A-chloroethyl) 0-0005  . 9445-8 7145-5 12439°1 
amine (nitrogen mustard) 
m-Azotoluene . 0-015 1224+8-7 112414-8 9846-1 122+9-2 
ine. 0-015 . 12047°2 125+6-5 13748-0 12148-5 11247-9 
20-Methylcholanthrene 0-005. 12145-2 131+410-1 1124+9-0 120+4-4 
Hydroxylamine 0-015 14445°8 11149°8 119+410-0 125+9°4 1534+9°6 
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Fic 3 (a).—Liver catalase activity in male mice following an injection of 0-015 mM. of 
azobenzene. Controls (at 0 days) were injected with solvent only and killed after 2 days. 


Fie. 3 (b).—Corresponding blood catalase levels. 


TaBLe II.—Liver Catalase Levels at Intervals after Application to the Skin of 
Various Substances. 


Results are given in arbitrary units/mg.N as arithmetic means + standard errors 
of means. Each treated group contained eight animals, and each control group 
ten. Sections of liver and skin were examined in parallel with catalese estimations. 


Dose Catalase levels. 
milli- A 
moles 10 days Liver Skin 
Substance. per mouse). Controls. 2 days. 4 days. 6 days. Sdays. (or later). histology. histology. 
9:10 Dimethyl-1:2-ben- 0- 140247°9 13749°3 94+8- 110410-6 13443-5 13747-4 . Normal. Hyperplasia. 
zanthracene (22nd day) 
lodoacetic acid . ‘ 
20-Methylcholanthrene. 
Methyl! butter yellow 
2-Amino-5-azotoluene . 
8-Naphthylamine 


” ” 


Normal. 


& 


He He He HEH 


R Slight 
hyperplasia. 

Ditto. 

Normal. 


a-Naphthylamine 
4’-Amino-2:3-dimethyl- 
azobenzene 
Diphenylamine 
Butter Yellow 
3:4-Benzpyrene . 
2-Methy!l-1:4-naphtho- 
uinone 


— — 
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Normal. 
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2-Acetylaminofluorenc . 


and the estimations of enzyme activity were therefore begun 4 days after painting. 
None of the substances had permanent effects on catalase, the enzyme level 
returning to normal within a few days. Where substances have been given 
both by skin application and injection, the results obtained were similar except 
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Table III summarises approximately the catalase depressing power of the 
substances used, the dosages being taken into account. 


TaBLE IIT.—A Summary of the Catalase Depressing Action of the Substances Used. 


Substance. Potency. 
Methyl bis (8-chloroethyl) amine +++++4+ 
9:10-Dimethyl-1:2-benzanthracene ++++ 
Methyl butter yellow +++ 
Butter yellow ‘ +++ 
4’-Amino-2:3-dimethylazobenzene 


Hydroxylamine 
8-Naphthylamine 
Benzpyrene 
m-Azotoluene 
2-Amino-5-azotoluene 
2-Acetylaminofluorene 
Urethane ‘ 
Aniline . 
Todoacetic acid 
20-Methylcholanthrene 
2-Methyl 1:4-naphthoquinone . 
Diphenylamine 

a-Naphthylamine 

Azobenzene 


Hert 


St thet 
H- 


for the delay in the effect of the former already mentioned. Liver damage was 
not seen, and there was no correlation between hyperplasia of the epidermis and 
catalase depressing activity. 


Mode of action on catalase activity. 


Evidence has recently been obtained that a tumour constituent interferes 
with catalase activity by blocking the hormonal mechanisms which normally 
maintain the enzyme level (Adams, 19516, 1952). The variation in catalase 
activity seen after the injection of a single dose of tumour homogenate closely 
resembles that described for active substances in the present paper, i.e., there is 
a fall in enzyme level followed by a return to normal after a few days. One 
slight difference is that the effect of tumour homogenate on the enzyme tends 
to be more rapid and transient, not lasting beyond 4 or 5 days (Adams, 1950, 
1951a). 

In order to gain evidence on the similarity or otherwise of the action of tumour 
homogenate and these chemical substances the following experiment was carried 
out. Hydroxylamine was taken as an example of a direct catalase inhibitor, 
and butter yellow as typical of a carcinogen which affects catalase level. These 
substances were each injected daily in 0-015 mM. doses for 4 days into groups of 
male and female mice, and liver and blood catalase levels estimated daily. The 
controls were killed after 48 hours, having received two injections of solvent 
only. Fig. 4 shows the results obtained. Somewhat surprisingly they closely 
resemble in both cases the results already obtained by single injections or paintings. 
The results are in marked contrast to those obtained by Adams (19516) from the 
continued daily injection of tumour homogenate, when catalase activity in both 
males and females fell to about 65 arbitrary units after two injections, and 
remained at this level. 
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1G. 4 (a).—Effect of repeated daily injections of butter yellow on liver catalase levels of male 
and female mice. Males e—@®. 0. Controls (at 0 days) were killed after 
2 daily injections. Results are given as arithmetic means + standard errors of means. The 
number of animals in the groups are given by the figures at the head of the standard error 
limits. 


Fie. 4 (6).—Corresponding blood catalase levels. Males @—@. Females 0 ---o. 
Fic. 4 (c) and 4 (d).—A similar experiment using hydroxylamine. 
(c) = liver catalase, (d) = blood catalase. 


DISCUSSION. 


Apart from hydroxylamine and carbon tetrachloride all the substances shown 
to be active against liver catalase activity are carcinogens. Hydroxylamine is 
a well known direct catalase inhibitor and carbon tetrachloride produced enough 
liver necrosis to account for the changes in enzyme level. Apart from carbon 
tetrachloride no observable liver damage was produced by treatment with the 
substances described, and the effect of the former (Fig. 6) indicates that a very 
marked degree of damage would be necessary to account for the catalase loss. 
There was also no correlation between epidermal hyperplasia and catalase 
depression in skin-treated animals. 

Little or no effect on blood catalase activity was seen in the few experiments 
made. There was some evidence of a late fall in level after the injection of hydro- 
xylamine and of carbon tetrachloride. This, however, could have been due to toxic 
side effects on blood-forming tissue, and also, in the case of hydroxylamine, to some 
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direct inhibition of blood catalase. A point of some interest was the lack of a 
sex difference in blood catalase activity in contrast to liver. 

The evidence therefore suggests that the carcinogens used act in some specific 
way on the liver. However, the position is move complicated than may appear 
at first sight. The term “ carcinogen ’’ cannot be applied indiscriminately to a 
substance without regard to the route of administration or the animal used, and 
some of the * carcinogens ” examined in this work are not, or are only weakly, 
carcinogenic for mice. Among the catalase-depressing substances, butter yellow, 
although powerfully carcinogenic for rat liver, is only weakly so for mouse liver. 
As a further complication 9%: 10-dimethyl-1 : 2-benzanthracene, although a 
powerful skin carcinogen in mice, is almost inactive in producing liver tumours. 

Methyl bis (f-chloroethyl) amine which was the most powerful catalase 
depressing substance of the series has been shown to be carcinogenic in mice 
(Boyland and Horning, 1949). It is also of interest that /#-naphthylamine, 
which has recently been shown to produce hepatomas in mice (Bonser, Clayson, 
Jull, and Pyrah, 1952), depressed catalase activity, while «-naphthylamine did 
not. In general, however, no obvious parallelism can be drawn between carcino- 
genic potency for mouse liver and liver-catalase depressing action. Further, no 
explanation of the inactivity against catalase of methycholanthrene and acetyl- 
aminofluorene can be put forward. 

It has already been pointed out that the variation in liver catalase level 
following a single dose of an active substance resembles that seen after the inject- 
ion of a single dose of tumour homogenate, i.e., a fairly rapid depression followed by 
arise to normal. Prima facie there appear to be three mechanisms which could 


produce such an effect on the enzyme : 


(1) Transient interference with synthesis of catalase. 

(2) Direct combination of the applied substance with catalase, the synthetic 
mechanisms being left more or less unimpaired. 

(3) Production of a metabolite (hydrogen peroxide?) in situ me the 

detoxication of the drug which attacks catalase. 


EXPLANATION OF PLATES. 


Fic. 54.—Mouse liver, 48 hours after subcutaneous injection of 0-015 millimols 3’methyl 4- 
dimethylaminoazobenzene dissolved in ‘‘ Tween 80-cellosolve-Ringer ’’ mixture (0-3 ml). 
No abnormality seen. x 115. 

Fic. 58.—Mouse liver, 48 hours after subcutaneous injection of “‘ Tween 80-cellosolve Ringer ™ 
mixture (0-3 ml.). No abnormality seen. x 115. 

Fic. 6a. 
mality seen. x 115. 

Fic. 68.—Mouse liver, 48 hours after subcutaneous injection of 0-065 millimols carbon 
tetrachloride in 0-1 ml. ethanolic solution. 

Centrilobular necrosis, and generalised parenchymatous degeneration. x 115. 


Fie. 6c. 
chloride in 0-1 ml. ethanolic solution. ’ 
Centrilobular infiltration by round cells and giant cells, and persistent cytoplasmic 


vacuolation elsewhere. x 115. 
Fic. 6p.—Mouse liver, 11 days after subcutaneous injection of 0-065 millimols carbon 


tetrachloride in 0-1 ml. ethanolic solution. , 
The liver is almost normal in appearance. There is a slight excess of round cells in the 


sinusoids. x 115. 


No abnor- 
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The responses of the liver catalase system to repeated doses of hydroxylamine 
and butter yellow on the one hand and tumour homogenate (Adams, 1951) on 
the other showed a difference. Repeated doses of hydroxylamine and of butter 
yellow produced catalase responses similar to those obtained with single doses, 
i.e., a depression followed by a rise to normal. In contrast Adams (1951b) found 
that repeated doses of tumour homogenate produced in both males and females a 
sustained depression in liver catalase activity. This responce to injections of 
tumour homogenate appeared to be due to an interference with synthesis due to a 
blocking of the testicular-adrenal hormones which maintain the normal enzyme 
level, i.e., mechanism (1) (see above). The different catalase response to repeated 
injections of hydroxylamine and of butter yellow could be accounted for on the 
hypothesis that catalase is being directly attacked, while the synthetic mechan- 
isms are unimpaired. A high turnover rate for catalase is indicated by the 
rapidity of the response to injected hormones, or endocrine gland removal (Adams, 
1952). It does not seem unreasonable to suppose that if these substances act 
either by combining with catalase or by causing its denaturation by peroxides, 
the synthetic mechanisms, after an initial lag, might be capable of replacing the 
enzyme more rapidly than it can be removed. The level might then rise above 
normal when the injections were stopped. An examination of the results will 
show some evidence of this with a few substances. However, it seems unlikely 
that all the substances found to be active could be direct inhibitors of catalase 
activity. They belong to a variety of chemical types and have very varying 
molecular shapes and sizes. In general, therefore, mechanism (3)—the production 
of catalase inhibitory substances during metabolism—seems to give a more 
probable explanation of the observed results than the other alternatives. 


SUMMARY. 


(1) The effect on mouse liver catalase activity in vivo of a number of chemical 
substances has been studied. The substances were given by subcutaneous 
injection or skin application, and sections of liver and skin were examined histo- 
logically in parallel with the enzyme determinations. 

(2) A number of substances produced transient depressions in catalase activity. 
With the exception of carbon tetrachloride no observable associated liver damage 
was produced. In skin-treated animals there was no correlation between epidermal 
hyperplasia and catalase depression. 

(3) In a few experiments little or no effect on blood catalase activity was 
observed. There is no sex difference in blood catalase activity in contrast to 
liver. 

(4) Repeated doses of butter yellow and hydroxylamine produced a liver 
catalase response which differed from that obtained in earlier work with repeated 
doses of tumour homogenate. It is suggested that the active chemical substances 
investigated do not exert their effect by interference with catalase synthesis. 


Our thanks are due to Dr. M. H. Salaman for his interest and advice. We are 
also grateful to Miss B. L. de Boise and Mr. W. J. Milton for skilled technical 
assistance, and to Mr. J. A. Rawlings for his care of the animals. The expenses 
_of this research were partly defrayed out of a block grant from the British Empire 
Cancer Campaign. 
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PULLINGER has demonstrated the presence of milk factor in mammary tumours in CBA 
mice by injecting tumour extracts into susceptible young females, themselves free of agent. 
The incidence of tumours in the test mice was 63 per cent, as contrasted with a mammary 
tumour incidence of less than 2 per cent in the strain from which they were derived (p. 490). 


BaTuHER finds that the yields of cytoplasmic particles from 35 Rous sarcomata were 
constant when estimated by the biuret reaction for proteins, although the infectivity of 
extracts of these tumours varied widely. It is concluded that qualitative rather than 
quantitative alterations occur in the ratio of infective to non-infective virus (p. 492). 


ADAMS compares the variations of liver catalase activity in chicks and mice at various 
stages of development and in the two sexes. He finds that growing Rous tumour, injections 
of Rous tumour tissue, or purified virus have no effect on catalase levels in young birds 
(p. 501). 


Apams and Roe have studied the effect of a series of chemical substances, most of them 
carcinogens, on the catalase activity of mouse livers in vivo (p. 509). 
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